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LTI T T T —_iQUARTEFT Y REPORT ON FERROCYANIDE SAFETY PROGRAM
mem s e e R THE -PERIOD ENDING DECEMBER 31, 1903
e e J. E, Meacham
R. J. Cash
G. T. Dukelow

A EXECUTIVE SUMMARY

AR Y Ad hFesivRIivELEAW

s En s This i the-eleventhr quarterly report oncthe progress of activities addressing safety issues

© oz s Do ussociared with Hanford Site higheievel radioactive wasie tanks that coftain ferrocyanide

RRIREIEE --compounds: --In-the presence-of oxidizing materials, such as nitrates or nitrites, ferrocyanide

can be made to explode in the laboratory by heating 10 high temperatures [above 285 °C

.- A,

T {545 CF)} - In the mid 1950s. approximately 140 metric 1ons. of ferrocyanide were_added to

C e —waste now stored in underground high-level radioactive waste tanks.

-~ —Animplementation plan (Cash 1991 } vesponding to-the Defense Nuclear-Facilities Safery
Board Recommendation 90-7 (FR 1990) was issued in March 1991 describing the activities
o thatwere planned and underway to address each of the six parts of Recommendation 90-7.
A revision-to-ihe ofiginal plan {Borsheii-éi ai. 1592) was transmiited 1o the
e U.S.-Department of Energy by Westinghouse Hanford Company in December 1992, and
subsequently to the Defense Nuclear Facilities Safety Board in 1993. The implementation
plan was updared and revised this quarter and re-released as the ferrocyanide safety program
. plan (Borsheim et al., 1993a). The program plan still addresses the six parts of

oo — — - - Recommendation-90-7; -however; -it-also-includes-all-work-in the Ferrocyanide Safety

Program. This quarterly report is reported against the new program plan.




' Milestones completed this quarter include (1) an update of the ferrocyanide program plan;
" (2) adraft sqfety criteria document that provides the technical basis for closure of the

FUOUYP R s P | LI P

T e BgrroCyanide: Unreviewea-Sajery Guestion-(USE); (3} upplicaiton-of an-improved heat load

model on ferrocyanide tank 241-BY-104; (4) public release of a report on heat loads for six
Cemsteel DS ferfocyanide - tanks; (51 g veport-calentating the heaf loads in il the ferrocyanide tanks using
e e e 0K dOME SDACE temnerature measurements; (6) a letter report examining risers in
S e oo fERTOCYGRIdeE-tanks for possible-liquid observation well insertion and assessing the effects of

- liquid-ebservation well material on neutron probe performance; and (7) a mathematical

evaluation, by Fauske and Associates, Inc., of waste dry out by theoretical hot spots.

o — A draft report defining criteria for safe storage of ferrocyanide waste in Hanford Site tanks

T v Was Submitted-to-the-U. S, -Deparsment-of Energy this quarter (Postma et al., 1993). The

iy

e e (WHC-EP-0691), -provides ‘the-technical basis for closure of the Ferrocyanide unreviewed

safety question and represents a key step in meeting Safety Initiative 2s, closure of the

Ferrocyanide Unreviewed Safety Question by January 31, 1994.

An improved heat load model was used to reexamine the heat load in the ferrocyanide Tank

... 241-BY-104. A _repont descrihing.the. new model and the analysis of 241-BY-104 was

- - - -yeleqased this quarter-

- WHCG-EP-0669 (McLaren [993a).

~— ---The-integrated -heat loads for all the ferrocyanide tanks were calculated this qugrter using

e oo .. dOme _space. temperature. measurements (Crowe. et al., 1993). . The report, Estimation of Heat




e e \ITLTF'_D'D _NATAT1
s CYF LA bV e

- --Proce3s, WHC-EP-0728 (Buck ét al., " 1993), was publicly released this quarter.” The report

- provides a-statistical -basis for-the-number-of cores required to characterize ferrocyanide tank
_waste. The report concluded that two cores taken from representative areas of the tank are

~sufficient to determine fuei anda moisiure Concentraiiony,

A letter report was completed this quarter as part of in situ moisture monitaring technology

——development-{Toffer-1993)- The report-examined risers-in ferme’ anide ianks for possible

. liquid observation. well insertion and assessed. the.effects. of potential liquid. observation well

e cmgteriolsonneytron probe performance <. Of the materials-modeled - aluminim- and zirconium

displayed the best sensitivity for moisture monitoring.

_Preliminary data from core samples obtained from Tank 241-T-107 were received this

. quarter.__None of the segments containing sludge exhibited exothermic activity during
- differential scanning calorimetry analysis., Total cyanide concentrations in the samples were

very low; the maximum concentration found for any of the segments was 106 ug/g. Moisture

- concentrations i the segmenis ranged beiween 17 and 60 wi%.

.. Adsorption/desorption tests’ at Nuclear Consuiting Services Inc. on In Farm simulant

_indicated that the sludge still retains substanvial free water when exposed 10 relarive



ROy W‘Hr"‘-ﬁl‘u“ﬁ"ni_i i
s AJA VTITT L L

T .o “hurmidities of 30, 50; 70,-and 0 perceni-(% ). The-simuiant retuined 4.1-wi%; 10.6 wi%,
e nn 3RS wie'hs Gnd 05.4 Wik free water, respectively, at equilibrium for these relative

- humidities. This is in addition to the ~4.8 wt% of bound water also retained in the sludge.

 Aging experimenis performed this quarter revealed that dissolution and hydrolysis of

- ferrocyanide simulanis can still occur-at a-pH of 10, albeir ar a substantially reduced rate,

Ammonia concentrations found in these experimenis were approximately two orders of

~

e o G gnitude lower-than for similar-durations using 4:0 molor caustic (NaOH).  Experiments

G e {

“ T eyt quarter will be allowed fo Tun Tonger io determine if ihe aging process will continue in

coneeeec—cmo: Analyses of T Plant flowsheet ferrocyanide simulant were conducted this quarter. Fuel
e T T T COnCeniruion T tng T Plani similant way 8.8 wi'% [as ha;fvtFe(Cf'v')J, siighily higher than
“the 8.3 wt% found in U Plans simulans. T Planit simulare did not support propagating

il

iabatic calorimetry testing by Fauske and Associates, Inc.
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1.0 INTRODUCTION

J 11 DITRPDNCT
L.l EURLWAILS

- - - This quarterly report provides a status of the activities underway at the Hanford Site on
ferrocyanide waste tank safety issues, as requested by the Defense Nuclear Facilities Safety
Board (DNFSB) in their Recommendation 90-7 (FR 1990). In March 1991, a DNFSB
~implementation plan {Cash- 1991} responding to the six parts of Recommendation-90-7-was
oo prepared-and -sent to-the DNESB. . The implementation plan was updated and released to the
- e - W8 Department of Energy, Richland Operations Office (DOE-RL), as a draft program plan
' " in December 1993 (Borsheim et ai., 1993a). This and future quarterly reports wili be
reported against this new program plan. All activities in the revised program plan are
" underway or have been completed, and the status of each is described in Section 4.0 of this

FARATE
1 Je

1.2 QUARTERLY HIGHLIGHTS

. The ferrocyamde program plan was updated this quarter (Borshelm et al

,_,Fefrrocyamde qﬂfﬂfv Pmumm fhfough resolution of the Ferrocyanide Safety
~Issue. Work for t_he Fcrrocyamdc Safety Program will be reported against the

LI D TTITIiIIIT ... hew nrn
v DIO

I"'El

oram nmn Of 4 OUATT .fﬁf 'r‘);lS]"\'
B! 2 3 ery Ddidla,

[}
4

i~ A draft report defining criteria for safe storage of ferrocyanide waste in Hanford
- - "Site-tanks was-submitted to'the U.5. Department of Energy (DOE) this quarter
o " (Postma et al., 1993). The report ’tiﬂed Ferrocyanid'e Safety Program: Safety
oo Criteria for Ferrocyanide Waich List Tanks (WHC-EP-0691), provides the
S — ~technical basis for closure of the Ferrocyanide Unreviewed Safcty Question
(USQ).
(USQ)

I .- ... = The final report-on ultra-high-pressure. bore head testing has-been-approved and
L mmrrmrmiouittheequipnient neressary: fo- support nsialiation of thermocouple {TC) irees

G e —ee - —Sing-ultra high-pressure bore heads has been obtained. However, installation

e was delayed as a result of the Administrative Hold. The h1gh pressure pump that

e meoTeE = s s a s == ogunplies- the- ‘;vatcl -nécessary for boring was refurbished and 1s awaiting

e An improved heat ioad model was used io reexamine the heat ioid in the
ool _'___ ferrocyanide tank 241-BY-104. A report describing the new model and the
: .. analysis of 241-BY-104 was released this quarter as. Ferrocyanide Safery

Program: Updated Thermal Analysis Model for Ferrocyanide Tan]cs wuh

Application to Tank 241-BY-104, WHC-EP-0669 (McLaren 1993a).



-~ - - The-integrated- heat loads for-all- the ferroeyanide tanks -were calculated this
e oo guarter-using dome space temperature measurements. The report, Estimation of
e D02 U7 'Heat Load in Waste Tanks Using Averagé Vapor Space Temperatures,
oorrm - WHC-EP-0708 {Crowe et al., 1993), was publicly released this quarter. - Heat

e Tl Do L dpads caleylated from-fanl dome spaca temneratures correlated closely with other
" methods previously used to determine seiected heat loads.

e oo e A study evaluating the need for continuous gas monitoring in ferrocyanide tanks

TTT Tmmooon T - was started this quarter. - Sampiing data are being examined and a report
ot e o - — ... .@Xamining the necessity for monitoring selected ferrocyanide tanks will be

at in Marrh 1004
AVAEAL WAL L /7T,

- & A data quality objectives report, Ferrocyanide Safety Program: Data
... ... Requiremenis for the Ferrocyanide Safety Issue Developed Through the Data
- —Quality Objectives (DQ0) Process, WHC-EP-0728 {Buck et-al:, 1993), was
e meemmme s s pblicly released: this-quarter. - The report concluded that two fuli-depth cores are
required to determine fuel and moisture content in ferrocyanide tanks.

¢ Preliniinary sample data from tank 241-T-107 were received this quarter. None
e of the quarter segments containing sludge exhibited exothermic activity during
_ differential scanning calorimetry analysis, Total cyanide concentration in the
— - o= - —-- - {ank-was very Jow; the maximum-concentration found among all the quarter
- segments was of 106 ug/g.

o o= o= - @ - —Ac-report summarizing-the progress-on developing neutron diffusion technology

for in situ moisture monitoring in Hanford Site tanks was publicly released this

s sonoo o oquarter,-titled-Proof. of Principle Report for In-Tank Moisture Monitoring Using
an Active Neutron Probe, WHC-EP-0695 (Watson 1993).

.~ ... __A study investigating the feasihility of deploying a miniature neutron probe inside
- .- a small diameter well (~1.25 inches in diameter) was completed this quarter.
' The study concluded that a limited size probe can be readily designed for
deployment in a cone penetrometer fo measure moisture concentrations in_waste
e St se - anks ot equipped with liquid observation wells (LOWS). The study also
LT i esimated that 3t G minniss would be reowired {0 scan a depih of 1) feet in
the tank.

- -~ -e-Adetter report-was-completed this-quarter as-part-of in-situ moisture monitoring
oo oo o ... technology development (Toffer 1993), Risers in ferrocyanide tanks were

e mems s smaansee s s eamined for possible LOW insertion, and the effects of potential LOW materials

e ~ ~on neutron probe performance were assessed. Aluminum and zirconium yielded
the best sensitivity among the modeled materials.

-

Tl @7 Adsorphion/desorpiion tests at Nuclear Consulting Services Ine. on In Farm

a
- simulant indicated the siudge stli retains substantial free water when exposed to




.~ relative humidities of 30, 50,70, and 90%. The simulants retained 4.1, 10.6,
B "31.3, and 65.4 wt% free water (respectively) at eqiiilibrium'(notC' ‘this 1s in
P e e e -mdltr“'. to the —4.8 wt% of bound water also retained in the sludge),

Liecllllloe L Aging.experiments nerformed fhis guarter revealed that dissolution and
- hydrolysis of fetrocyanide simulants can stiil occur at a pH of 10, albeit at a
- ~==——===gubstantially-reduced rate. ~Ammonia concentrations found in these experiments
... were approximately two orders of magnitude lower than for similar durations

“ging-4.G molar- caustic-("NaGH)---—Expeﬁments ‘next-quarter 'w"iu be ailawed to

o~ Experiments on T Plant flowsheet ferrocyanide simulant were conducted this
... ~quarter. Fuel concentration in the T Plant simulant was 8.8 wi% [as

e Ea’zﬁfﬁe(CN)‘;], Suv.n.nv higher than the 8.3 wt% found in U Plant simulant.
.~~~ . 7T Plant simulant could not be made to propagate during adiabatic calorimetry
testing

e e 1.3 REPORT FORMAT

e Pfegr ss-of activities under each- of the-six parts of DNFSB Recommendation 90-7 are
—arranged in the same order as the program plan (Borsheim et al., 1993a), The arrangement
—-also follows-the-same-order-provided-in-the recommendation. 10 Teport on progress, each
o , _part of the recommendation is repeated in italics, followed by paragraphs explaining the
——---m—- oo --5eope Of-WOIk On each-part or-subpart of the recommendation. - Subheadings-for each task
ivi he following:

C

P e

aClivity ICpo

,
£

e Progress During Reporting Period

L] Planned Work for auusequent MOﬂthS
¢ Problem Areas and Action Taken

e Milestone Status
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- 2.0 BACKGROUND

Various radioactive wastes from defense operations have accumulated at the Hanford Site in
~undergroond wasie tanks since the mid 1940s. Dunng the 1950s, additional tank storage
space was required to support the defense mission. To obtain this additional storage volume
- ~-within a short time period, and to-minimize the need for constructing additional storage
L mEm o ___taaksﬁ_“aufer.d_&imcienhs*sﬁeve&ﬁig process to scavenge ’Cs-from-tank waste liquids.
e o --In implementing this process, approximately 140 metric tons (154 tons) of ferrocyanide were
~___added to waste that was later routed to some Hanford Site SSTs. In 1991, based on available

=== s informations24- tanks -were-assipned: to: the-Ferrocyanide- Watch List-using the criterion that

WoLli

.-__._umgtgngmauy,;c@mclmventon@s.of.aLleast_.lmg.g.molcs.as the Fe(CN); anion,

—Ferrocyanide, i the-presence-of oxidizing material-such-as-sodium-nitrate and/ornitrite; can

- - -PrOpagate-and sometimes-explode-in the laboratery by heating it to-high temperatures or by

o - 3R electrical spark of sufficient.energy. . Under ]abemfmv conditiens deliberately created to

LIV T1 JREEY ] I.lIJ-l.J LT

e -— enbance the potential for reactions, significant exothermic reactions can start as low as

e =220 °C f4.;0 °F), but the lowest explosion temperature observed is approximately 285 °C

mmneenr o (345 7E) - TFhe-explosive nature-of ferrecyenide-in-the -presence of an oxidizer has been
known for decades, but the conditions under which the compound can undergo endothermic
and exothermic reactions have not been thoroughly studied. Because the scavenging process
precipitated ferrocyanide from soiutions containing nitrate and nitrite, an intimate mixture of

~ferrocyanides and nitrates and/or nitrites is likely to exist in some regions of the ferrocyanide
tanks.

Efforts have been underway since the mid-1980s to evaluate the potential for ferrocyanide
_ _reactions_in Hanford Site ﬁSTs_CBurger 1989; Burger and Scheele 1988). The potential
---gonsequences-of a pes‘ulated yamde burn-or explosion were not evaluated in the safety

anaiyses or safety analysis reports (SAR) appucame to the Hanford Site SSTs. The SARs

- -.-.—-—- - historically have considered an explosion from fuel/nitrate reactions as an incredible event

and the consequences of incredible events are not required to be analyzed (WHC 1992},

Although not considered a part of the safety analysis for the storage of waste in the SSTs, the
- 1997 Environmental Impact Statement (EIS) Final Environmental Impact Statement,

TR e

CTTnnspes “'.{:‘? Han ibﬁaii:g};i‘gg;ﬂ'm-'.rvm Transuranic and Tank Waste,- Huaford Site,

Rlcmand ‘Washingion (HDW-EIS) (DOE 1987) did include an env1ronmenta1 impact analysis
- - .—.-- of poiential-explosiens invelving ferrocyanide-nitrate mixtures. - The EIS postulated that an

i a “
_.-._1..,.

s oo eXphasion could-eecur during mechanical retrigal of salteake or shudge from & ferrocyanid

TUH Y AT
“waste tank. “The EIS concluded that this worst-case accident couid create enough energy (o

- T...lease racnﬁaCUVe matenal 0 UlC atmospnere tnrougn ventuauon openlngs CXPOSlIlg pel'SOHS
R - offsits to a short-term radiation dose of approximately 200 mrem. A General Accounting

ARV A i

Office (GAO) study (Peach 1990) postulated a greater worst-case accident, with

- - independently calculated doses of one to two orders of magnitude greater than in the DOE
" EIS (DOE 1987)." Coupling the ferrocyanide concerns with concerns about high organic
- — - - cOnceéntrations-and- petential hydregen accumulations in other Hanford Site HLW tanks, the

- ===DOE established- the High-Level Radioactive Waste Tanks Task Force and Tanks Advisory

|ﬂ:



"7 Panel (TAP) in August 1990, These two groups were forined to ensiire that ail safety
—===-=== - _ concerns with HLW tanks at DOE sites are identified and addressed in a systematic and

7 WHELY UL,

The initial focus of the task force and advisory panel was on the Hanford Site flammable gas
--=— == ~and Ferrocyanide Safety Issues. In September 1990, a special Hanford Site ferrocyanide task
o " team was commissioned by the Westinghouse Hanford Company to address all issues
LI __mmivmgihe fﬁl’l‘ﬁﬁjﬁﬂi&ﬁ tanks, Jncludmgthi canscquenccs..of a poten‘[ial accident.

"__._ ... "The root cause of the ferrocyanide probiem resuits from a combination of factors, beginning
e e - With-the safety studies performed as precursors-to. using the ferrocyanide scavenging
e flowsheets: - These studies -did not-include ultimate disposal of the ferrocyanide solids, and

were not performed to the conservative standards used today, because the studies did not
o discuss the risk of adding ferrocyanide to waste tanks. In addition, no rigorous inventory
- was kept-of -the ferrocyanide or other chemicals-added tothe tanks. Subsequent safety
seeeem e — - giudies- either- were -not perormed;-or-were -performed to less conservative standards, ©
-~ -~ demonstrate that other chemicals would not-increase the level of risk.— Monitoring systems
~ ~__ for designated single-sheil tanks (SSTs), such as temperature measurement instrumentation,
- o ayere-allowed-to-be disconnected -and fall into- disrepair because the potential hazard was not

" hiohliohtad
AMEgIgAes,

- Although the HDW-EIS (DOE 1987) estimated the consequences from a postulated
-—--= == -—- “explosion; ithe GAOdisagreed with the assumptions of that document. Work performed by

=ooeesn sz Pacifie:Northwest: Taboratory {PNL) i 1984-85 identified a potential safety problem but no
-~ o= fiinding was provided until 1989 to study this Safety Issue. An additional issue was

e ——-gbsequently - communicated about the-assumed radioactive-material source term {release
fraction) resulting from a postulated explosion (Peach 1990).

- on et CTi-Oetober-1990-{Deaton 1990), the Ferrocyanide Issue was declared an USQ' because the
o —safety envelope for these tanks was no longer bounded by the existing safety analysis report
—oooo - -{RHO-1986). -In- 1991, using process knowledge, process records, transfer records, and log

- --books; 24-tanks -were-identified at the Hanford-Site-as-potentialy containing 1,000 g-mole

...~ 'AnUnreviewed Safety Question, as defined by DOE Orders 5480.5 (DOE 1986)
and 5480.21 (DOE 1991), is determined as follows. "A proposed change, test or experiment
___shall be de=med to involve an USQ if the following apply:
i b - Vi "hepmbabﬂity of occurrence or the CONSequences of an accident ¢r malfunction
—eeeemeesiniot oo of equipment important to safety, evaivaied previousiy by safety analysis will be

- ""::"',!":!1:‘!!‘!!!!'!'.! :.nntlnnnnri ne
SIEIIICALILLY 1IVICANAL, UL
: ) :

momose-eee--e-ee- B A possibility for an accident or malfunction of a different type than any evaluated
s s e - previously by safety analysis will be created which could result in significant
safety consequences.”
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e - —{465-19) or mere of ferrocyanide [as the Fe(CN){ anion). These tanks were placed on a
" Ferrocyanide Watchr List because of the USQ.

i oab gt

_ “e o= \Work T and- around any of the ferrocyanide tanks requires detailed planning, including

-o- s o pIEparing -the supporting-safety and environmental documentation and approval by DOE top

TR T ...m.agemem. These restrictions are imposed to ensure that appropriate precautions are taken

* to minimize the potential safety and environmental impacts associated with the ferrocyanide
hazard. The need to evaluate the hazards and ensure that appropriate controls are
implemented has, to date, increased the time required to complete work or install equipment
in the tanks. Re-examination of the historical records (Borsheim and Simpson 1991)

..... indicated that £ of the 24 tanks do not contain the requisite 1,000_g-moles of ferrocyanide

~— — and should not have been included on the Watch List. Four of the 6 tanks were removed

o '—“—----fTGI“% the Watch List-in-June 1993 (Meacham et-al:; 19933} and removal of the other two
tanks ig pendmu (Rorcheim et al.. 1993h)

1 AU SiIvaans sy AT L
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- .- - " 3.0 FERROCYANIDE PROGRAM SAFETY DOCUMENTATION

The USQ process depends on an authorization basis that describes those aspects of the
;’_’:'::___ = ___facmtv Qeslgﬁ basis and- ﬁﬁe.ranonai r&qﬁhcmcuw relied on by DOE to authorize operatlon
iweet o 2oL The-authorization basis is described in documents such as facility SARs and other safety
o analyses, hazard classification documents, technical safety requirements, DOE issued safety
e gvaluation reports, and facility-specific commitments, such as the safety assessments (SAs)
"0 507 “=and the Tnterin Safety Basis (ISB).(Wagoner 1993). . The potential hazards of a
--—-ferrocyanide-nitrate/nitrite reaction were discovered-to represent-an-inadequacy in the
© authorization basis. Until the USQ is closed, proposed intrusive activities that may impact
~ the safety of the ferrocyanide tanks must be assessed for potential safety and environmental
- -consequences. Furthermore, these activities must be authorized by DOE.

A strategy for closing the USQ and resolving the Safety Issue surrounding the ferrocyanide
:_—,-,——,_—,,_—,— oo wastes 'was developed by BOE and Wesimghouse Hanford Company and presented to the
R --DNEFSE in-August 1993 (Grumbly-1993). - The-strategy -centains two key steps:
T IR "(1}—f'eveispirg'c*iteﬁa for safety cat\,ge;ies that rank the hazard for each tank, allowing
- - ~closure of the USQ, and (2) confirmation and final placc'nen. of each tank into one of the
oo ::,4231;;‘: ries-based on-core MH};JHL;; and characterization of the tank contents.

sz n- oo AS AT O the accelerated Safety Initiatives (O'Leary 1993), closure of the Ferrocyanide
USQ was moved forward from September 1994 to January 1994. This, coupled with the
e o iew gtrategy for USQ closure, resulted in an improved schedule for USQ closure. The USQ
R S "”fﬁ.ﬁbﬂk}&u fU}’TJAV%}V ~BOE-on the-basis-of-documented <riteria, R:WL‘H.HE the
Ferrocyanide Safety Tssue will be a follow-cn effort that requires the sampling of the
e v ferrocyanide tank waste to quantify the potential for hazardous reactions.

"o 7 " Ferrocyanide Program Fian. The ferrocyanide program pian was updated this quarter and
- - submitted for POE approval (Borsheim-et-al., 1993a).-The program -plan-describes all of the
“current and anticipated future work in the t'errocyanide program. Schedules showing
-—-- --—  program activities leading to eventual safety issue resolution by fiscal year (FY) 1997 are
presented in the program plan. Work in the ferrocyanide program will be reported against
the new program plan on a quarterly basis (see Section 5.0 for schedules and work status).

. Safety and Environmental Assessments. SAs are documents prepared to provide the
~ DT oo o technical basis to assess-the safety-of aproposed- a.cuvuy and 0 provide proper controls to
so s oyngintain -safety . - The -SA - aleng with the-accompanying- Environmental Assessment (EA) for
_- that operation, [ gvmggmg hasis for DOE authorization of the proposed activities, The
;—,aumcr}zai;gﬁ basis- Iemreylamw -analyzed.intrusive tank operations -vas combined into one
s eoes = GOCHMERt the-I8B-whith was-approved by DOE in November 1993 (Wagsnar 1993),

- . - ~SAs have-been-completed for vapor space sampling of all-ferrovyanide tanks, wasie surface
- eeoe...sampling,. push-mode . core.sampling . TC tree installation in sound tanks, and removal of
S pumpableimum ‘rom,lealﬂng tanks. (interim stabilization). - A discussion of the interim
© stabilization SA 1s presented in Section 4.6.1.



) ferrocya.mde tanks $O that mstallanon in leaker tanks was also addressed. A study to
i --gvaluate and-identify alternative methods for installation of TC trees in assumed leaker
e IIITTTTIL ::::fmgc_:y@gkmks was: completed, ﬂf‘he-pre vious method used relatively large volumes of
= oo loowatgr o shulce the TC tree through the waste, An ultra high pressure concept that uses
i L minimal quantities of water was. chosen for final testing and design. The SA was first
S transmitted to DOE in November 1993, and several revisions have been made to incorporate

QFE comments.

|E3

-- -The EA for installation of instrument trees-into the 14 "assumed leaker” ferrocyanide tanks
~has been incorporated into the generic EA covering operations for Watch List tanks. A draft
__of the generic EA was sent to the U.S. Department of Energy, Headquarters (DOE-HQ) this
quarter and is awaiting final approval. The predecisional safety assessment addressing
e - eeneingtaliation of instrument trees into-assumed-leaker-tanks was-sent to-the DOE for review and
- - - approvai on November 303, 1993,

A SA for rotary-core sampling of ferrocyanide and other Watch List tanks that contain hard
waste (e.g., saltcake) is necessary. The most recent revision of the SA for rotary-core
sampling was sent to DOE in October 1993 and is waiting DOE-HQ approval. The rotary

“rsemeos gl System 15 expected to be deployed for ficld operation in March 1994,
—----- - -—=--— -Hazard Assessment. - The effort-to-update-the ferrocvanide hazards assessment document
" was redirected in June 1993 toward developing a safety criteria document supporting closure
e onian O the - Ferrogyanide-USQ-and a-technieal-hasic document supporting resolution of the
“Ferrocyanide Safety Issue.  -At that time, agreement was reached between DOE and
s s e Westinghouse-Hanford on the-approach-for closure of the USQ and resolving the Safety
Issue.

-An-updated ferrocyanide hazards assessment, now referred to as a technical basis document,
SRR ".ull. not-be-started-until-enough-informatien-is-available-for-resslving the Ferrocyanide Safety
Issue. Technical information from all Ferrocyanide Safety Program tasks will be
~ incorporated into this document. This document will be completed in FY 1995 to support
) “Safety Issue resoiution for the four C Farm tanks. An update of the document may be
- necessary in FY 1997 to support Safety Issue resolution for the remaining 14 tanks,

e smemeee-Doge Consequiences: A report-deseribing the consequences of hypothetical burns of differing

L _ ... sizes in a ferrocyanide tank is being prepared. The report will be prepared by July 1994 and
will satisfy the milestone originally set for September 30, 1993,

e -.Clesure. of the Ferrocyanide USQ, The Ferrocyanide USQ criteria document draft (Postma
o '"-—"—e'r*i -1893) was submiited- for DOE review and approval on December 1, 1993. Based on
e ShE knowledge. gained. from.simulant. studies.and theoretical analvses safety categories and
===z Safely-criteria-were-delineated to meet the interim safe storage gafety objective. The primary
safety objective is to maintain waste in a state that prevents chemical reactions that have the
e e o-pOtential for radiation.deses or- toxic exposure {either onsite or offsite) more than applicable
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Lt D limits or guidelings, and damage to the tank that compromlses its ability to store high-level

o LoD waste safely, The nn,..ary safety Ob_]eCtIVC 1% met by 1mposmg a more stringent secondary

DT i objectives: that 15, no Susiaindbie-yapid-exvihermc ferrocyamide reaction be possible,

oo e regardless of the severity-of -its-consequences. - A-sustainable reaction is one that can spread
S e Wf‘beyond afocal ignitionsource. ~A rapid reaction is one that generates heat faster than it can

e -be removed by conduction;-it excludes the slow degradation reactions believed to be

occurring over a period of years.

SN _______’[‘wo_kcy_saiem_gnasn.ona wers used to identifv three safety categories. _The guestions were
7~ developed on the basis of the current understanding of the ferrocyanide waste hazard.

Question 1: Is a significant exothermic reaction possible during interim storage?

-ooo o 0 The word significant in this question is defined by reference to the safety objective. A
= - gipmificgnt veaction would-have consequences greater than permitted by the safety objective.
The phrase possible during interim storage in Question 1 means conditions that could
=5 om==S = ilrepréticaily occur if 1o controis were placed on-tank operations. - This no control stipulation
e oo -c-gHows-for such possible but unlikely events-as-dryout and the introduction of local initiators.
e The no control stlpulatlon does not cover processes and operations that could be imposed in
T T future ‘efforts directed at final. a;sposa; of_the waste,

. Ifthe answer o Quesion 1 i no, then the wase can be saely tored without human

- S :.f;nte‘weaaw"-..ﬂ.zhe. answer 10 Question_1.is yes, then a smna. key gquestion is posed.

I -

-~ -~ - Question 2: - Is a significant exothermic reaction possible under present conditions of waste

“fithe answer to this-queshon 1sno, then the safety objective tan be met by assuring that the
waste maintains moisture content above a level that prevents significant exothermic reactions.
= - -the-answer 10-ihis questien-is yes,-then-the primary safety objective can be met only by
. ____ imposing controls that avoid conditions that could initiate a reaction. The more stringent
secondary objective cannot be met if the answer to Question 2 is yes.

Answers to these two key safety questions led to the def nition of three safety categories:

e i 2 SARECONDITIONALLY-SAYE, -and UNSAFE. - The SAEE category comresponds to a
"no" answer to kev safety Question 1 (i.e., that a significant reaction is not possible during
e interim storage). The safety objective can be met by a hypothetical unattended operational
mode; no special requirements for monitoring and controls are imposed by the presence of

TPI“‘!“N‘VQT‘H(!B
Atk AV F O

w=emeas Lo The-CONDITIONALLY SAFE -category-corresponds (o a yes answer to key safety Question
o -1, followed by a no-answer to key mfewﬁms on 2, ~The wastes in this category are safe on
e TTTITIE ""'ﬁlercgndmglrﬂrarmorsmr: content be ma_nta.mcni ai or above a defmabie cntical level. In

- reaction phenomenology,-the requirements -are-the same as-for-the- SAFE category, except
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~...-7 === that -a waste moisture level above a critical value applies. Therefore, propagating reactions
. ___ . _tan be ruled out for this safet class,

K,

=== ===-=-The UNSAFE category corresponds to yes answers to both key safety questions. For wastes
- ~_1n this Categorv a reaction initiated at a local site could propagatc through a significant

——om e oo = guantity of-waste: —Accidents-would be preventied by xmpesmg ‘controls that-avoid conditions

oot ihatCould dnitiate a -reaction. —Storage- of wastes in this category is inconsistent with the more

e ) stnng'ent secondary safety objective, because significant reactions cannot be ruled out A
_ - =—-Change in waste state-would be required to ensure that waste storage met the level of safety

required bf the secondary safety objective.

T The parameters. important for exothérmic oxidation/reduction reactions involving ferrocyanide
oo arefuel; oxidant, and moisture concentrations, and temperature. Criteria were established on
e fuel caucentrauon -moisture content, -and-temperature that allow the tanks to be ranked into

II’"‘. safe catesornes

\l'
] W e sl

I. LEVEL 1-SAFE
Concentration of fuel: < 8 wt% sodium nickel ferrocyanide on an energy
st ;,"“"* -’-m“i-uglppt 'quis_{i'.g,_. -g-llg "_“I;"E}
: _ Concentration of water:..........Not limiting
T Concentration of oxidizers: Not limiting
Temperature of waste: Not limiting
___ . 1II. LEVEL2-CONDITIONALLY SAFE
e~ oo Concentration of fuel o > 8wt sodium nicke] ferrocyanide on an energy
woo mmes - gguivalent basis
S - - -Concentration of water = 0to24 wi%
Concentration of oxidizers: Not limiting
R o e . Mamsvmawnbiiea ~af srranta - 0Nh oM
lcllll.ﬂldl.ulc UL W = IV L™
LTI UL LEVEL 3 - UNSATE
- - - - — - Jl’.’jﬁf‘ 5 far _g A_FL"_ g .l_. ﬂ"‘mmﬂ‘l\i—i‘x—f TY QA :ﬁ N .. Gd fnnh P
- GIENE 10T SR E-aia- LU NOLLT AL are no me[ a-Toaircaaon in waste
e e eem o state is required to remove a tank from the UNSAFE class

s ‘It is importarit to noie three features of the criteria. The fuel criterion is determined on an

- oo oo energy equivalent basis that accounts for possible contnbutmns from other potenual fue.

- - - - Sources, such as-sulfide or organics. -The moisture criterion-is-not fixed at one value, but
I _increases imwu/ from G at 8 wt% fuel, 10 24 wt% at 26 wt% fuel, Waste that contains, for

MAARAR WwLF

e e examplﬂ, 8.3 wt% fuel is not required to have 24 wt% water; it requires only 0.4 wt%

- - -~ -water.— Temperature is not-a primary criterion, and is set at 90 °C to preclude rapid moisture
e -2 103810 thE na.sw -Actions-to cool the waste would be taken long before temperatures in the
tank increased to 90 °C (12). Based on information from the waste simulants and core



R ____sample analyses,_all of the ferrocvanidg tanks are currently placed in either the SAFE or
T, LARTIATTTAAAT T WV CADLE antnonmsan
,,,,77777LA\_1.L!U111U1‘[‘LL4L1 AL LY WEUIIUD-
¢ Milestone Status
Crmmsmrsss e s s Decembercl; 1993 Submit; far DOE-review, a draft fermcyamde safety
' o criteria document that aeﬁnes safe storage of ferrocyanide waste. This
e oo milestone was-completed-on schedule by transmittal of the document,

Fe’rfacyaniiie Safety Program: Safety Criteria for Ferrocyanide Watch List
e - -Tanks, WHC-EP-0601 (Postma et al., 1993).

s irmnanasn e ses s ss o Pecember 17, 1993: Submit an update of the ferrocyanide program plan
to DOE for approval. The document, Program Plan for Evaluation of the
Ferrocyanide Waste Tank Safety Issue at the Hanford Site, WHC-EP-0721

EWaYals )

(Borsheim et al;, 1593a), was transmitted io DOE on scheduie.

S January 31, 1993. Requested DOE approval to close Ferrocyanide USQ.
o This is two months earlier than called for in Tri-Party Agreement (TPA)

milactnma RA_AN_TA
LILIRIWILIG IVA~TU- LT,

June 24, 1994: Issue an Interim Safety Basis Level 1 report to DOE
‘which provides an updated safety basis for safe operation of ferrocyanide

4manlen

July 29, 1994: Issue an update of the ferrocyanide hazards assessment
document. This milestone will be deferred to FY 1995 or canceled
pending disposition of the Ferrocyanide USQ closure document and the
timing for resolving the Safety Issue.

July 29, 1994: Complete a final report, approved for public release, on

effects and consequences of various in situ ferrocyanide tank waste burns.

e e e s Aﬂgﬂsfﬁ, 1995: Issue technical basis document supporting Safety Issue
o wwoooeoo oo resolution for C Farm tanks. Recommend Safety Issue resolution for

C Farm tanks.

-~ February 29, 1996: DOE approval to remove C Farm tanks from the
Watch List. Safety Issue resolved for C Farm ferrocyanide tanks.

- 7 -——- =0 Japudry 31, 1997 Technical basis-revised te support Safety Issue
oLl Ll TDLlLT0 LT redolution for. the remaining 14 tanks.. Recommend Safety Issue resolution
for all remaining ferrocyanide tanks.

SR J SRS

e e s - S€DEMber 30, 1-51‘17 -DOE approval to "101!@ all ferrocyanide tanks
e fra*‘ﬂ the Watch Lis t. Ferrocyanide Safety y Issue resolved.
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TooToommTmeeee . ..40. DESCRIPTION QF ACTIVITIES

______'This section follows the format of the program plan (Borsheim et al., 1993a) and describes
all of the work associated with the Ferrocyanide Safety Program. Each task activity is
described relative to the applicable DNFSB Recommendation (90-7.1 through 90-7.6). The

— --specific recommendation is given, followed by a.summary of activities underway to respond

to the recommendation (if not already closed out).

C e e e e m — T ¥ TITY R AT A CCTTIRA TR AT

- 4. TENHANCED TEMPFERATURE MEASUREMENT

ST "“'—’mediaté r.t@pj' should-be-iaken t0 add instrumentation-as necessary to the $8Ts ¢o maining
Rt Jmm yanide that will-establish-whether-hot spots-exist-or-may-develop in the finure in the
... .._.._stored waste. ~The instrameniation should mclude as @ minimum, additional thermocouple
oo - -trees:- Trees should be-intraduced-arseveral-vedial-locations in-alltanks coniaining
substantial amounts of ferrocyanide, to measure the temperature as a function of elevation at
o these radii. The use of infrared techniques to survey the surface of waste in tanks should
T T conginge o be investigated: asx prionity -maiter;-and on the assumpiion that this method will
be found valuable, monitors based on it should be installed now in the ferrocyanide bearing
tanks. "

Fewr e

4.1.1 Instrumeni Trees

----——-—DNFSB Recommendation 50-7.1 -req&ests-h‘xat-actions—-be*taken-to--addirastrum‘r" ion to the
e ,,,fmqoeymma&c tanks to measure waste temperatures and to determine if hot spots exist or

. m

monitor candlﬁans in five htgh-eoncem waste tanks on-an- expedited basis. The strategy was
~to (1) repair the existing TC elements (where possible); (2) install new instrument trees that
would be fabricated from existing drawings; and (3) install multifunctional instrument trees
T T e e *GVHTS} in-those tanks-that-have a limitcd number of rigers-available. The MITs would
--gro‘zide‘-temperat-ure..mgmtenng.,_the.capablhty for gas sampling at three elevations, possible
- pressure-monitoring; and access for deployment of fiber optics inside the tanks if desired.
----The TC trees would- provide- tcmp:mmm ‘menitoring. but may-net provide the option fo cbtain
- any additional data. “This strategy was later revised to inciude only repair of existing TC
I ,,,,,_,,J:rccs a.d installation of new instrument trees or replacement of TC elements where
i mwsenn s RECESSARYs There are no plans {0 install MITSs in the ferrocyanide tanks at this time, To
i e s _;;;= TTC trees have been ingtalled in 10 non-leaker ferrocyanide tanks.

S Ay Snp Preefess During Reporting Pefiod. Instrument trees with heated vapor
— samplmsr tubes (Figure 4-1) have been fabricated for the first four assumed
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oo cees i oo leaker tanks,. UUltra high-pressure bore heads were installed on two of the new
- instrument trees this quarter.

- ---—- o= =z The final-repert-for-the ultra high-pressure bore head testing has been approved
ST o TT oo ~and el the equipriient necessary to support instailation of TC trees using ultra
. high-pressure bore heads has been secured. The high pressure pump that
e - SUDDligS. the water necessary. for horing was- refurbished -and is awaiting
i o acceptance testing.
Planning for installation of instrument trees in the assumed leaker tanks has
e sees o= oo - - ghhitinued; iowever, miialiation was delayed as a result of the Administrative

cmeem oo seo oo o Hold placed -on tank farm operations in August 1993 (Meacham et al., 1993a).

TlemenosemmEnl LT T CFigune 451 Vapor Sampling. Tube for New Thermocouple Tree Design.
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:'_'—':"','—f":' TSR R AR S m TR RE T TSR SR AR T w‘g‘k _]’y‘iﬂ iniﬁath‘ _t‘hic_.q‘&ﬂﬁﬂf n“ g dm“ment tha‘t wguld dgscﬂbe me CIiteria for
C oo upgraded temperature. mon_ta.nng capabilities in_ferrocyanide tanks. This is a

e : 1 agiahlichad MDA Y 02A
T ot TrTT e Tt recent ¥ €5idGiisied iFrA milesions UV.I.""FU“U-&’- }

e ieeeee ——— ——__# .. Planned Work for Subsequent Months. High-pressure bore heads will be
DT instatled into the two remammg instrument trees. Instrument trees will be

™A1 TILr 1N~

SRR 'irfstallea into four assumed leaker tanks (241-BY-107, -108, 241-C-111, and
s oA TY-104), Four addidoenal instrument irees will be fabricated.

— - 2 LA7AWT S,

¢ Problem Areas and Action Taken. None.
¢ Milestone Status.

- June 30, 1994: Complete installation of the first four TC trees in assumed
leaker tanks.

T s L ise e Boptemiber 39,-1994: - Complete installation of instrument trees in assumed
St oo m=e— oo o= ——Jegker ferrocyanide tanks. Installations have been delayed because of the
o e e Administrative Hold and completion of this milestone was slipped to
December 1994, This milestone aiso addresses the September 1994 TPA
S es esns een-o o milestone M-40-028 installation of six TC trees.in ferrocyanide tanks,

- - September 30, 1994: Develop criteria for upgraded temperature
S~ emonitoring capabiiities e ferrocyanide ianks (TEA ‘milestone M-40-0

\-’

4.1.2 Upgrades to Existing Temperature Monitoring Instrumentation

== - Thig-task- determined-the operability and-accuracy of previously installed TC elements in the
__original 24 ferrocyanide tanks at the Hanford Site, The original and newly installed TCs
I_IOW PI’OVI(]C terpperature reaamgs for the Ierrocyamae tanks.

- Rield- measurements were-taken in 1991 on each TC element in the then-existing trees to
determine the resistance and voltage across the junction and across each lead to ground. The
rmmm s e s npaatndition of euch TC was determmed by resistance and voltage measurements
S TS (Bussell 1992).  This work was compieted in FY 1991 with a total of 265 TCs being
o “evaluated. Work in FY 1992 focused on repair and recovery of 92 TCs that were found to
~be failed or marginal in performance. This task was completed in FY 1992.

N ¢ Progress During Reporting Period. No progress was required or planned.

* WET ™

« Planned Work for Subsequent Months, None.
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The decay nf radioactive materxals ift Hanford S1te waste tauks generabes heat. A concern

CT.LIT. T T ferrocyanide waste 1f there was a sufﬁcxent concentratlon of fcrrocymdc and a high enough
SR =i—-{cmpelaﬁire present. - There-is-usually only one or twe instrument tress in each ferrocyanide
. tank, and the trees are not always at the same location. Consequently, there is some question
-7 sigaificant heat-generationcould exist in these tanks and not be detected. This task models
" ‘and analyzes the available temperature data from the ferrocyanide tanks in order to determine
soeme e n= —theheat-load- and temperatures -as- & function of dept}' nd-radial location. Sensitivity and
===~ parametric-analyses are included to determine the magnitude of hot spots that would have to
exist within the waste to cause a propagating reaction to occur.

State-of-the-art validated computer codes are used in the modeling. They are benchmarked
- --with existing data-and employ-two- and-three-dimensional-capabilities. Both steady-state and
“--- transient models are used: “The mtent of this-work is to-determine accurate heat loads for
each ferrocyanide tank and to model hypothetical hot spots.

- e Progress During the Reporting Period. Development of an improved model
S for thermal analysis of the ferrocyanide waste storage tanks has been completed,
oo reereemeee e oo and the model was used to reanalyze tank 241-BY-104. This model takes into
: srrie e w2 - 30COURL koW -dala- CORcerning: soil mois ure, with resulting thermal conductivity
T ‘..—:.::.—.:.'.‘.."?::t::.':‘..:changes*atﬂre mouﬂoc&ttonsmund the tanks and the measured temperature
em e - gocUTacies. It was- determined-that inciuding radiant and convective heat transfer
to the walls of the tank offer little improvement in accuracy. The heat load and
e ] temperature history of the tanks are included since it has been found that the
== o eeo o oo tanks are not as close to a steady-state condition as_previously supposed, and that
the use of a steady state model produces values for the tank heat loads that are
T —— "*ﬂ{)veﬂytﬁ']ser'vaﬁ’vc The report of the model development and tank analysis is
T Tl itled F rrcrcyan.fde btyezty Program.; Updaied Thermal AM'W!\“ Model for
oIt - ;:'*Férfawam.ze Tanks wiin Application to Tank 241-BY-104,-WHC-EP-(669

i

s osmmmrs e mmesss w s (Mekaren 1993), and-was publicly released in December 1993,

Integrated tank heat loads for all the ferrocyanide tanks were calculated this
quarter using tank dome space temperature measurements. A report reviewing
this work was publicly released this quarter as Estimation of Heat Load in Waste
Tanks Using Average Vapor Space Temperatures, WHC-EP-0708 (Crowe et al.,
s e e oo 20 --1993). - Heat loads-calculated-from tank deme space temperatures correlated
B —-clesely with other methods previously used for calculating heat loads for selected
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sessTERESRT st g Dlaqiried Work for Subsequent Monihs. - The updated thermai heat transfer/heat
e e e e e Joad-mode] will beutilized for heat-load and thermal tharacteristics analysis of

I L all ferrocyanide tanks. Two reports of these analyses will be prepared and issued
later in FY 1904

111111

Cooriii . Drying Out Fferrgcvamde Waste by Hot Spots, WHC-EP-0648, Rev 0 (D1¢k1nson

e QN s J-H-n.. mmms s nmbhs saseinimd Lueus hr\r

Tt - ! T O r L'?JJ}, o rnv\nwn.mu ConunEms TECSiVEI i o,

i 2 Pro

hlom Arcac and Action Taken None
ASANANE f3BA ALY ARALR l Al gy A VWL W

L ‘i‘il A SR ARL

Milestone Status.

i¥

----April 15,-1993: - Perform detailed-thermal modeling-studies-to (1)

determine if there is enough likelihood for forming hot spots to warrant
. .infrared scans of ferrocyanide tanks; and (2) issue a position paper on

AT P S E I STE R v;“cﬂl@;l‘.{‘* mﬁ;s_f‘;.‘;mncsm are credible. -The position paper,

F rrocyanide Safety Program: Credibility of Drying Out Ferrocyamde

Waste by Hot Spots, WHC-EP-0648, Rev. 0 (Dickinson et al., 1993) was
issued Apmi 15, 1553.

4

““September 17, 1993: Complete thermal hydraulic analyses (using the

"~ updatéd thermial heat ioad model) of tank 241-BY-104 to determine heat

load and conductivities of the waste contents and issue a report, available

" “to the pubiic, on the resuits of the analysis. The scope of this milestone

was reduced to one tank (from f’our’tanks) énd the date slipped from

I_Iansfer./heat load moc'lel., The report Ferrocyamde Sa;fery Program.

- .ﬂpaated. Thermal Analysis- Model for-Ferrocyaride Tankswith Application

to Tank 241-BY-104, WHC-EP-0669, (McLaren 1993) was released
December 29, 1993, to meet this milestone.

December 30, 1993. Complete and issue a report, available to the public,

" “of corrected thermal analyses of six ferrocyanide tanks (241-BY-105, -106,

-108, -110, 111, and 241-C-109). The report Ferrocyanide Safety
Program: Heat Load and Thermal Characteristics Determination for

- Selected-Tanks, WHC-EP-0638, (McLaren and Cash-1993) was released

December 20, 1993, to meet this milestone.

December 30 1993 Comnlete angd issue a report to the pnblic on the use

—-of tank dome space temperature measurements to-calculate integrated heat

~ loads for ferrocyanide tanks. The report Estimation of Heat Load in Waste
- Tanks Using Average Vapor-Space Temperatures, WHC-EP-0708 (Crowe
et al., 1993), was released in December 1993 to meet this milestone.



WHC-EP-0474-11

sm wmms aEloesst et Miapeh-31, 1994, -Complete additional andlvses and issue an update of the
_ o ) report Ferrocyanide Safety Program: Credibility of Drying Ous
S e s~ ReproCyGrane Waste-by-Hot Spois (DicKinsonret-al:, 1993), approved for
o public reiease.
- = June 30, 1994. Complete thermal hydraulic analyses of heat loads for
nine ferrocyanide tanks (241-BY-103, -105, -106, -107, -108, -110, -111,
e eew o and 241-C-109 and -112) using the updated thermal model, and issue a
' report for public release.

e LT e :.._.7.758_9!,@[!}!)8{-' 3!1, 1994, Cﬂm?lﬁw thermal hydralﬂlc 3!131}’585 of heat loads
iz rnomantoe o o 00311 remaining ferrocyanide. tanks and issue a report available for public
reiease.

e i o o I rared- scanning: systems-are commercially available from numerous vendors. These
- o - ---..SYStems.are sensitive to changes of +0.3 °C (0.5 °F) or less under ideal conditions, and
oo - Sff0T-pROMISE for mapping surface temperature profiles in the ferrocyanide tanks, Thermal
-~ - modeling performed on ferrocyanide tank 241-BY-104 suggested that, if hot spots with
== --temperstures- of concermn-are possible;-surface temperature -differences might -be-great enough
to be detected by infrared mapping.

------—--- - - The position paper on the credibility of hot spots and the need for further infrared (IR)

cTissw oo Scanning-was completed-and-issued; Ferrocyanide Safety Program: Credibility of Drying Out

~T. L0777 Ferrocyanide Tank Waste by Hot Spots (Dickinson et al., 1993). This paper examined

oo ... potential concentration mechanisms and determined the degree of concentration required to

-~ ——— -“produce temperafures high enough o dry the ferrocyanide waste. The paper concluded that
~-==-such concentrations were incredible. Based on this report, Westinghouse Hanford

e s tgCOMended: {0-the DOE-RE that-no-further planning -be-purswed for infrared scans for the

P P

Lo
£ 1 fm o Lo
PUIDOSC O detccung not spots.

§ -

¢ Progress During the Reporting Period. None.
= Planned Work for Subsequent Months. A draft report on the infrared scans of

tank 241-S-110, Application of Infrared Imaging in Ferrocyanide Tanks,
e e (WHE-EP-0503) was- submitted to- DOE-in January 1993, This report is still

¢ Problem Areas and Action Taken. None.

e Milestone Status. All milestones completed.
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4.2 CONTINUOUS TEMPERATURE MONITORING

" The. temperature. sensors referved. 0. ghave. (Recommengdation-$0-7.1)-should- have continuous
—:- recorded-readouts -and-alarms that-would signal at-a permanently manned location any
-~ ——agbrormally-high temperatures-and -any failed temperature instrumeniation. "

-~ This task will provide continuous monitoring of presently installed (and operable) TCs for the
. ferrocyanide tanks. New TC trees will be connected to the system as they are installed in
each tank, resulting in continuous monitoring of all TC trees in the ferrocyanide tanks. All
data are collected automatically at the continuously manned Computer Automated
-~ Surveillance System (CASS) Operator Control Station. The monitoring system is
- -- -independent of the CASS -and- capable-of displaying-data to-an operater-en-request:- Trend

--data on.selected points are available for display in numeric or graphic form.

- -“The systém;- which -bécame-opérationai-in Sepiember 1591; has-ihe-capacity io assign alarms
for a change in the value of any temperature point. Alarms if they occur, trigger an audible
~-annunciator and are-logged 1mmedmtclrto hard copy. An alarm summary display provides a
~-—--— -~ -—Vigt-of the most recent alarms in order of occurrence. Each alarm can be identified by point
and time of occurrence. Operator acknowledgement of the alarm will silence the audible

'_'Iﬂﬂllﬂf‘lﬁl‘n'l'

Signal conditioning and multipiexing are performed locaily at each tank. This eliminates the
" need to transmit low-level signals to the tank farm boundary and reduces cable runs.
Electronic noise, extension wire -corresion; and-thermal gradients -are-also reduced

ooz o Five BY-Farm tanks were connected to the system in September 1991, and an additional five
=TT in December 1997 These @anks intlude 24 1-BY-103; 104, -105, -106, -107, -108, -110,

S oo -111 -and -112. Tank 241-BY-105-has two-cperating TC trees. Both were connected to the

- Tank Monitor and Control System (TMACS). In April 1992, tanks 241-TY-101, -103, -104,
e e e - and 241-TX-118 were conn ec{m" to the v,stem and are now operational. Four new TC trees
A ”"irlsi'z‘liied'in*ta_nstﬁi BY-104, -110, -111, and -112 have been connected to the TMACS.

- T

-~ — - “This-makes atotal of 13 ferrocyanide tanks (16 TC irees and iwo LOWSs) that are now

\

~eme—- - - -menitored by the TMACS. - Temperature readings from the working TCs in these tanks arc

annrdad +1
belng eCoraca CGﬂuﬁuudmj

T e e v S PF@EE‘%& :}H'F{ﬂg“’;{%puﬂaﬂg Peried: The deslgﬂ {for connection-of the tanks in
- BX Farm is continuing. - Designs for all other tank farms-are complete. No field
S T --—work for connection of TMACs occurred this quarter, because of the
Cee e - Ad ministrative Hold placedon work in the tank farms.

wwr

¢ Planned Work For Subsequent Months. Work on installation of TMACS in

LN aTa W

S - o - “C-Farmeis anticipated 1o resume iy January 1994,

o Problem Areas and Action Taken. Work within the farms is presently
I restricted because of the Administrative Hold placed on all tank farm work in
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e o e - Augist 1993 ~However, work-is slowly resuming as priorities are set and work
e et narlagee are annenuad

- T Tt T 'P&Umgwu L “k-’l-'l-v "‘l

. . __w  Milestone Status
- Juiy 30, 1993:" Compiete instaliation of TMACS for the four
o ,,,,,an%tjrggndp tanke in C Farm. All 12 tanks in C Farm are bemg
connected to TMACS. This task is behind schedule because of the

Administrative Hold,
TEET s S . August 30, 993'- Compiete instaiiation of the TMACS for tank
S e e 34 R AGT- - Thig tagk i¢ behind- sehedule because-of the Adminigirative
_____Hold.

LT :ii:i:f”*ﬁeptwbﬂr 30,-1993: Complete desipn and installation of the TMACS for
e e e e - o thetypg-ferTocyanide tanks in the-BX Farm.- Installation has been delayed
__ __ _---because of the Administrative Hold in the tank farms.

-oosomoe=eoiooo . .- September 30, 1993: Complete installation of the TMACS for new TC
trees installed during FY 1993. This milestone has been delayed because
" of the Admimisirative Hold.

. =—-"Septernber 30,-1994: Complete-insiallation of TMACs for the four
N . C Emfermcyamde tanks, one tank in T Farm, and two tanks in

™

DA J."d..l.lll

C e s o e Pecember 31, 1994: - Complete-instathition of TMACS for new instrument

S trees installed during FY 1994. In addition, this milestone address the

s emmem s === April 1995 TPA milestone M-40-02, upgrade temperature monitoring
iyl e e e s "'-M?“'L:“f';‘ LR TTE WA ‘.‘.'..“!.‘3 "‘"‘ﬁ"“"

] =
CAAEIRANy LEANENWuN.

L _ A MANYIDD N AQ RANANMET TR
Fed ATV LAN AT LYAASLLAINT

s nstrgmentation-should-lso be-installed 10 Honitor ihe composition of cover gas in the
tanks, to establish if flammable gas is present.”

. ___4.3.1 Interim Flammable Gas Monitoring

- - 'The effort to-conduct flammable and toxic gas monitoring and analyses in the ferrocyanide
e mtanksﬂ}sfcenuuumg Most of this effort was transferred to the Tank Vapor Issue Resolution
—-ooo--=-  Program, which is coordinating interim gas monitoring of the ferrocyanide tanks. Tank

vapor spaces are measured for flammability using a commercial combustible gas monitor
C . . __ _{calibrated with pentane gas), and are monitored for potential toxic gases using an organic
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"o s =S OF HONTEoT and” Drager tubes as required vy ine safety-assessmenis and work procedures
U ~for a-parficulaf activity.. - Development and validation-of alternative tachnologies for vapor
~oo—oSpackcharacienization are in progress. using Summa canisters and-specific absorption tubes.
cevreeeee oo The initial vapor space sampling was done in several tank locations (i.e., from two widely
e ,,ggpa,rgggdmcrs) and at three elevations in the vapor space. Review of the sample data
=~ indicated that JS&I'I'LDLIQR_I_W 1.one riser was adequate and the pumber of sample elevations

la tha fuibira
illav (11 J,WUMW iii LI LU4LLE

N _._ To_date the vapor space in 11 ferrocyanide tanks have been sampled. In two of the tanks,
~==-- - - _the combustible-gas analyzer reading was reported as one percent of the lower flammability
- = e R EFR) and-allthe-other ferrocyaniae u‘{ﬁks sampled -contained <1% of the LFL. The
" 'maximum reading for organic vapor was 350 parts per million (ppm), =~ 0.035 vol%, in tank
241-BY-110, and all other tanks had readings at least an order of magnitude lower.

-————- —— -Ammonia has been detected in several of the sampled-tanks; the maximum reponea value
s oo wasestimated as 612 ppi, again in tank 241-BY-110. The measured values in the other
oo oo tanks-ranged-from <2 ppm to 250 ppm. Hydrogen cyanide measurements with Driger tube
- .. monitoring have all been below 2 ppm (the detection limit for that method). Two tanks,

o - 241-C-108 and -111, have been.sampled and. analy.zd with a_more sensitive method. and hoth
e WRTE reaeftea as less than 0.04 parts per billion (i.e., < 40 paris per tnIIion) Table A-2 in
- = —Appendix A reviews gas anaivses for the ferrocvamue tanks sampied to date,

T .= 7.7 e Frogress During Reporting Period. No core sampling or instrument tree
o zzzvinstallation-was performed this: guarier-because le_ﬁﬁ Administrative Hold.
’ Therefore, there was no need for gas monitoring to support these activities and
— -~ - noadditional ferrocyanide tank vapor space samples were taken.

¢ Planned Work For Subsequent Months. Flammable gas sampling and selected
- - - -—-—- - —--ngXicus-gas-monitoring will be done, as required, to support planned core
R . 321 11: 4 e_rzd thermocouple tree-installatien.-This -work-is-scheduled- to- resume

e Milestone Status

T T ”SeptembérB(} ‘1995: Complete vapor space sampiing of remaining
T LTIl Tiinio I - :-ﬁm—}:’gﬁlﬁ ;tfﬂ'lﬁﬁ s}_:?jﬁ,w %’&ﬁgﬂsﬁﬁd ar t. 1 Th!s ’T‘llES[Oﬂe

LIy A al
% o = addresses the November 1995 TPA milestone M-40

_
-
L)

iy
p'2

<

.
Fh . T al -
4.3.2 Continuous Gas Monitoring

__ . CimmmzzrzOptions: fox stafiing a gas: monitoring capability on new thermocouple trees have been

A '__ltc_w_e_:weQ_g_ng_a heated vapor sampling tube has been added to the design of future
insirument irees for ferrocyanide tanks (see Section 4.1.1). This will allow vapor space
sampling on a continuous or intermittent basis. However, a definitive decision to monitor
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* continuously or just occasionally has not been made. The need for continuous gas
moniforing will be addressed in'a study that wiil address the potential for cyclic venting and
. the possibility of accumuiating flammable gases.  Evaluation of gas sampies secured to date
for tanks 241-BY-101, -104, -110, -111, -112; 241-BX-106, -110, -111; 241-C-108, -109,
o WY, -112: 241-T-101, -107; 241-TX-118 has indicated no need to continuously monitor for

S"DOCIIIC 2ascs.

o e - The possibility that-localized -concentrations or-stratification of gases- exist in the-tanke has
- —— = ————een evaluated. - A modeling effort to determine airflow patterns in the vapor space of
-~ -- tank 241-C-109 was conducted to evaluate the amount of mixing and the local gas

. concentrations that could occur. The study revealed that the gases in the tank are well mixed
and follow Graham’s law for gaseous diffusion; therefore, an analysis of a second tank was
deemed unnecessary because of the well-mixed environment calculated for 241-C-109 (Wood

L ¥ aYatshY
1Uu 4l

;.

e Progress During Reporting Period. A study evaluating potential sources of
rrmcssn e - oo figmimable gases, including potential cyclic venting, was started this quarter.
o Samnlma data is being examined_and the report will document the need for
T e - - S eptiiuous vapor space monitoring of seiected ferrocyanide tanks.

e ceeeeeeo o .. » Planned Work For Subsequent Months. A study to determine the need for
_continuous monitoring instrumentation will be completed. Continuous gas
~--- - - ~.monitoring will be implemented, on selected tanks, if necessary.

e Problem Areas and Actions Taken. None.

Milestone Status.

--March 31, 1994: - Complete an evaluation report to-determine which
~mom—— o————-——-- ____ _gases, if any, need to be continuously monitored on sclected ferrocyanide

ST ST T T - September 30, 1997: Install continuous gas monitoring equipment in six
tn

nlee (if ranmmirad)
(if requirec),

kS L AN

7 4.3.3 Tank Pressure Monitoring

The Wyden Amendment (Public Law 101-510) requires that "...the Secretary of Energy shall
oz e v eidentif-which single=shell-tanks. . .imay-have-a seriois- po:'enral for release of high-level wasie
e - due- to-uncontrolled increases of pressure, After completmg such identification, the
lllll L. . Secreiary shall determine whether continuous monitoring is being carried out 10 detect a
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release or excessive...pressure at each tank so identified. [f such monitoring is not being
s ~-¢arried out, as soon as practicable the Secretary shall install such monitoring...".
" The ferrocyanide tanks were initiaily identified as having "a serious potential for release* and
oo . were placed on the Waich List; however, pressure monitoring capability does not presently
e —-exist for the tanks. -t would take several years for the installation of pressure monitoring
________--instrumentation-along with-conrnection te-2-continuously y -manned- location;- because of th
.. capital project time cycle.  Sufficient knowledge of the safety of the Ferrocyanide Watch List
-~ - .- -tanks exists at this time to propose closure of the USQ (see Section 4.0). - Because of waste
_ - -aging, it-is possible that all of the ferrocyanide tanks may now contain less than the 8 wt%
+ e s —-sodium nickel ferrocyanide- specified in the fuel criterion for the SAFE category. It is
~_______ anticipated that characterization (core sampling and data interpretation) may place all of the
B tanks into the SAFE category. This would be sufficient to remove them from the Watch List

2 tha need for continuous nregoure momtonng

v _aaaw ainAAL IR LPIIlAANAN e LA i

e e —eeeng —Progress- During Reportin g Period. A study i§ being conducted that will
-== —- —-——-—-—=--= - -gvaluate the potential for ihe generation of flammable gases that might cause
Cm e s pressurization of the tank. If the results of this study show that 25 % of the
lower flammability limit is not exceeded, a recommendation will be made that no

pressure monitoring be instalied.

~— e Planned Work For Subsequent Months. Complete study on evaluation of

e _flammable gas_generation and the need. for continuous pressure. monitoring,
- - -&. Milestone Status,

s i e e N reh- 30, 1904 -Complete-studics-on the need forcontintous flammabla
~—— - .-gas and pressure. monitoring of ferrocyanide tanks,
TR T naliams R T eaw s September 36,1998, Install pressure moniioring for all- ferrocyanide
tanks (if requlred).

7 7 4.4 FERROCYANIDE WASTE CHARACTERIZATION

Ll "The program of sampling the contents of these tanks should be greatly accelerated. The
. . ... proposed schedule whereby analysis of two core samples Jrom each single shell tank is 10 be
TR et - Compigied by September 1998 i3 seriously inadequaie in ught of the unceriainties as to safery
oo of-these tanks - Furthermore, odditional samples are required af several radii and at a range
o elevanons Jor the tanks containing substantial amounts of ferrocyanide.

s=omen o oo - Characterization - of: the-waste-in-the fu;%}’a}'ﬂde tanks is necessary 1o (D) gu1de further
: ____.____chemical reaction studies with the ferrocyanide waste simulants; (2) determine actual waste
chemical and physical properties; (3) determine how the ferrocyanide waste can be safely

T mma e ale o a

S - oo -stored-in situ;-and to classify the-tanks accordingly, until retrieval and- disposal actions are



) ..completed; and (4) applv the study results to the final remediation of the waste in these
~———tanks; Knowledge of the concentration and relative position of various waste constituents is
~also important for determining the potential for chemical reactions and resulting
consequences if a rapid exothermic reaction should occur.

" The 1mportant reactivé materiais present in the Ierrocyamde tanks are fuel (ferrocyamdcs
e nae s gl fides;-and-reduced-carhon-species-euch- 35 organic complexants), oxidants {nitrates and
nitrites), and inerts or diluents (including phosphates, aluminates, sulfates, carbonates,
- -~ ‘oxides; and hydroxides). The location of fission products such as ¥Cs and MSris important

-— ---— --because these products are heat sources. - Their location is-also important because they are
S potentiai source terms in postulated radiological releases from a hypothetical ferrocyanide

' teaction. The water conient of the waste is very important because the high heat capacity

oo oo and-the-heat of vaporization-of water make-it an- effecn’e&mermrg material.—- Water content
R ~-can prevent-a sustained combustion or a propagating reaction. Wet ferrocyanide material

cemim e e - gl waanire drvine hefnre i cnuld reant or nronagate

-— - - RS WA ian.i\.u*-' “:J;-&-:-b SRAVAL AL VUL AL WL LI R A,

The current schedulé'f‘or'ferrobjanide tank sampling will obtain core samples from all
Ierrocyamac tanxs oy the end of FY 1995 Both rotary- mode core samplmg and push-mode

I ,the,Watch Lhtmm,Imk&WMuLﬁtc&k: a_n_r_l w1Lh relat:vely soft waste sohds can bc
-~ - -core-sampled-by- the push-mede method. -If a-hard saltcake -layer-is-present, totary-mode
“core sampiing will be used. The first ferrocyanide tank scheduled for rotary-mode core
sampling is 241-BY-104 in May 1994,

~Each core consists of several 43 ¢m (19 in.) segments (or portions thereof) depending on the
depth of the waste in the tank. The sludge layer in these cores will be divided into four 12
sremm— o e (4. 75 i) Subsegments for each 48 em-(19 in.) sepment. If the tank conlains a saltcake
o layer, the saltcake segments will be divided into only two subsegments. Process flowsheet
i _lv.uameﬂge “tank:historical-data;-and results obtained from tests with f"rr""ya'nde sludge
e --simulants-are used to supplement the analytical results from core sampling.

- - oo - The priority fof sampling ferrocyanide tanks has been changed to reflect the need to

determine the reactive properties of the contents. In response to DNFSB
-~ —--—--— ------- Recommendation- 93-5 (DOE-1994} o expedite sampling and analyses required to address

—memeis e - safety-issues in-the Hanford Site Watch List tanks, the analysis plans for future ferrocyamde
tank core samples (and the plans for other Watch List tanks) have been revised. The Watch
- - ==~ List-tanks have been given priority for core vampling; and the number of required analytes

was reduced and refocused on safety-related properties.

. ‘Progress‘ S i‘)uriﬁg Reporiing Period. A DQO document, Ferrocyanide Safety
T e — e PRGN - Data Requirements for the Ferrocyanide-Safety Issue Developed
el ..___.__Jhrgugh_::tze.Data "Quality Objectives (DQO) Pracess, WHC-EP-(728 (Buck
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et al., 1993) was publicly released this quarter.  The report provides a statistical
- basis.for the number of cores required to.characterize the ferrocyanide tank
waste Based on the distribution of analytes shown in tanks 241-C-109 and -112,
--the-number ef-cores-required o determine the fuel and moisture values for each

- fértocyanide tank i$ two full-depth cores, taken from non-adjacent areas of the
tank.

_ The laboratory data package for tank 241-T-107 was received in late October

1993. Review of the data package and preparation of the data interpretation

_.__ report was initiated this quarter. Preliminary review of the data identified

significant variability

among the analyses. The variability can be partially
atmoutea to problems with sampie recovery. Sample data that illustrate the

---- -vapability are shown in lable 2-1,

- Table 4-1- - Core Sample-Analyses of Tank 241-T-107

-~ — | Core # - Segment# | Sample ~Volume of | Waterin | Totai Cyanide
I S Recovery - ,'Liqui(iin,Sam_pie " Solids - (nglg)
" (voi%) (voi%) (wit%)
50-1°- . 34 30 18 49
- s02 - 04 0 42 Y
~750-3 - 96 95 43 ' - 43
50-4 67 99 IS IS
, ,
- S R} £ SR 9 - NS~ T NS 17 NS
o 51-2 64 60 60 -95
513 100 ] ) -54 - 106
- b 514 — 100 : 0- f 52 — 74
- - 52-1 4 - - g 17 31
B 32-2° - 56 0 49 —62
2-3 | 93_. | 0. . 5 _ 48
: 52:4. 60 97 59 IS
o *The designation -1 represenis the upper most segment.
- 1S = Insufficieni Sampie
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Only two cores were originally planned for tank 241-T-107, but poor sample
_ recovery from the first core (core 50) made a third core necessary. The percent
.. _Tomoooo . recovery daia of all solids for core 50, segment 2 was good (94 %), but pressure
B ~ in the sampier ejecied some maieriai dunng extrusion causing loss of sample.
Segments 3 and 4 were over half full, but the percent liguid and water data
e~ . _____ indicate that the sample was_ mnstly water and supernatant liquid, not waste
s s e -4 HAS - Dengity -mesturements of the liquid suggests that the water used as
hyclrostahc head fluid contaminated the sample. Hydrostatic head fluid is used in
e -the pusb mode core sampler to prevent waste from entering the drill string before

) _ - Core 51 achieved slightly better results, with complete recovery in the lowermost
e - oo gegments, - The first segment of core 51 was empty, but this may have been

So - - caused by the '..reven surface of theé waste, This may also explain the low
the first segment of core 50. While the second segment was
was mostly liquid. The high water content indicates dilution
e e Wlﬁ‘x’wa‘terfmm ﬂ-l- h"df-stat.lb llCd.u uLuu

- ~ The first two segments of core 52 recovered only about half of the solid waste
e . that was expected. Recovery for segment 3 of core 52 was all solids, but
I - scgment 4 recovered mostly liquid. This liquid is most hkely hydrostatic head
fluid.

oo ... Differential scanning calorimetry analyses of all the quarter segments revealed no
exothermic activity except for core 50, segment 4. However, the analyst
— -~ vbserved tiat the only solids recovered in this segment was a small white piece
-~~~ —— —— of plastic, which is not representative of the tank waste. This piece of plastic
o exhibited an exotherm when analyzed. It is believed that only a negligible
~ amount of tank waste sludge was recovered in this segment.

~———_ Reconsideration of the discrepancies in the waste analyses will require greater
o ~ than planned effort and will delay compietion of the data interpretation report.
I '__'_ _ . .__ ____.__The time period to.complete the analysis depends on integrated support that is
' ‘currently being negottated. Re-sampling of the tank may be necessary,
e o eenoo o —gventually, but this is not-a high priority tank because of its low ferrocyanide

¢ Planned Work For Subsequent Months. Review of the 241-T-107 sample
. analysis data will continue and a data interpretation report will be i.;ued. The
-~ work to resolve the poor core recovery issue is continuing. Two ferrocyanide
e tanks are scheduled to be push-mode core sampled in FY 1994; 241-C-108 and

e ) e L S E lji‘,ese-nﬂ’y’ aHic “I‘pateu that- I.;uou—xudde_core mmpﬂng will resume in
o March 1994.
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e - Efforts-to prepare-the-rotary-mode core sample system for field are continuing,
- eme s o= " Rotary-mode is expected to begin-in-March 1994, and the first ferrocyanide tank
S e emEmE --goheduled for totary sampling is 241-BY-104-in May 1994.-All-core sampling of
Ce—.._ ... .. .. ‘Watch List tanks is scheduled to be completed by the end of FY 1995.

somem s TEIET gt Probielty Areas and Actions Tzken. The team formed to examine poor
recovery from push-mode core sampling has been dissolved after serving its
purpose. Issues are now handled internally by Waste Tank Sampling
Engineering. Performance testing and evaluation continues on the redesigned
push-mode core sampler. A report on this effort is scheduied to be reieased next
quarter.

e Milestone Status
: - February 28, 1994: Complete interpretation of ferrocyanide
, ——- - - -~ —tank241-T-107analytical data and-issue a report cleared for pi bhc release
= rmsmsmassr e e This milestone was deferred from September 1993 because core
U and the laboratory data analysis report were delayed appronmately fo
months.

- September 30, 1994: Two full-length push-mode core samples from three
e s oo gdditional ferrocyanide tanks were originally planned in FY 1993. The
) following order for sampling in the tanks was planned: 241-C-111, -108,
. _and 241-BX-102 (note: tank 241-BX-102 has been recommended for
removal from the Watch List). Problems with poor sample recovery and
the Tank Farm Administrative Hold have delayed completion of this
milestone until FY 1994, and only two tanks (241-C-111 and -108) will be

JE camemlod biney cavem

~3ampica Uv Uuau-muuu

STt e - September-30, 1994:- Secure rotary-core samples from-three ferrocyanide

lanks \241-31-1u‘+, -106 0, and 105)

w0 e - Marehe 31, 1995 Complete data interpretation reports,-avatlable for public
e '_,Q__,__L_ _release, for five rermcvamr_lf tanks (241-C-111, -C-108, 241-BY-1{M4,
) T T —=BY-106, -BY-105). Cumpu:uuu of the reports for the C Farm
" ferrocyanide tan.s should allow Westinghouse Hanford Company to
oo o — — —— recommend that the ferrocyanide Safety Issue be resolved for the four
- C Farm tanks.
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o - February 29, 1996: Receive DOE approval that the Safety Issue is
oo . resolved for the four C Farm ferrocyanide tanks and. thgsc tanks can be

I removed from the Watch List,

L

s ns e nsssss o June 28-1996; Compicte data interpretation reports, - available for public
release, for the remaining ferrocyanide tanks.

- January 31, 1997: Recommend to DOE that the Safety Issue is resolved
-.--for the remaining ferrocyanide -tanks.

ST '—*ﬁ“ﬁ'—;iuiy 31, 1997: Receive DOE approval that the Ferrocyanide Safety Issue
{is resolved. for the remaining ferrocyanide tanks and these tanks can be
removed from the Watch List.

4.4.2

i
=

stimation of Moisture Content

Gt ﬂv‘{ﬁﬁ’x& Eszﬁg aaea. &H&ivsis -and-avatiable- ‘-!F*Ftiiﬁf*t‘ﬁwm.‘—‘lwm Siti moisture
- -monitoring technologies-are currently being pursued by-the ferrecyanide program, neutron
diffusion-and near-infrared-(NIR) spectroscopy. Additional moisture monitoring
mw}pgieg,-eabg as-i:@pp%r fait-activation;- phas& ahaagﬂ fhnr-,al méeasurement, elactrical

LoUmo e Well-iogging techniqués, coupled with cotmputer modeling, are being developed and applied
) ' to an_existing neutron probe to assess this probe and to determine information about moisture
oo oooevelsmateddal-interfaces, and other waste characteristics. The development of a new,
— "‘—_“‘Iiﬁihuvcu neutron uuu]blOIl based detector system is being investigated. This improved
o -~ technique would primarily be used to determine the axial moisture concentration profile
vithin the-femocyanide-tanksThe-existing nouteon probe; used routinely 45 determine liquid

- amwww

levels, 1s msertea mto closed-bottom LOWs.

ent uising neutron diffision is an established. technology. The technique
—us€s-d -peliron suurﬂe and-ong or-more-neutron detectors. The thermal neutrons reaching a

detector originate as fast neutrons from the source and are slowed or absorbed by the
medium. Because hydrogen atoms are effective at slowing down neutrons, the detector

... _Tesponse is a strong function of the surrounding moisture concentration,
e - LW Methods are generally used. in the measurement of mojsture concentration around wells

e .usfm.g neutron diffusion. The first method, t.e moisture gauge, has a short source-to-detector
oS oo Swogpacing on the order-of U (m&seﬁrcers praceu i 4 ring around the detector) to 6 cm. The

_response of a moisture gauge is characierized by an increase in detector responsc w1th

==-{fCreating motsture concentration-of the-surrourding medium.The second method, the

Py "

" neutron log, often has two detectors with longer source to-detector spacmgs (20 to 50 cm).
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““Hioistire concentrations. The détéctor placed it the shorier spacing is used to correct the

t'r
- -- response of the- longer-spaced-detector for horehole effects,

T souiceto-detectorspacing of the existing probe may be adjustad with the addition of a

source extender. Computer modeling of the existing neutron probe system revealed that, in

- -- -its-current configuration, it responds-mest like a moisture-gauge. The probe will operate as

a-neutron log with the addition of a source extender.

e Progress During Renarting Period,

- Neutron Diffusion, Using the kn wlcd,c_gmnmxommmmmpmer modeiing

i —...—and-in-situ- and experimental measurements with the current in-tank neutron

~prote (’W&tson -1593), proiotype inoisture measurement neutron probes have been

. _ designed and are being assembied. These prototype devices will utilize both
" thermal and epithermal neufron detectors, and will aliow for both shorter and
B ;,iﬁnger ‘source-to-detector spacings than the current in-tank probe. In order to test

i - = A - P

and evaluzte tie prototype probes, a test area is being set up.

~— ————-The effects of annular air gaps around LOWs on moisture sensitivity continues to
be examined. Studies have included modeling and visualization of the
interrogation of the probe as it scans through material interfaces surrounding an

-- LOW:- ‘These-studics-are :eadm—g to-an-increased - undﬂrstanding— of the moisture

T i_ﬁ:::"n,"‘::f’é@i_ﬁ T of gcans obialned from several Ienmymluc tanks,
- eeA-study was performed fo investigate the feasihility of designing a_miniature
~=o - - moisture measurement neutron probe for deployment inside a small diameter
well, such as a penetrometer. The study demonstrated that a limited size probe

el cessTeanthe Teadily désizned for deployment in a penetrometer to measure moisture
¥ GESig pe

- - - —-gconeentrations in-waste tanks not equipped with LOWs, The analyses were
performed for a well with a nominal inside diameter of 1.25 inches; however,

©— 77 -the probe configuration could be adjusted for other geometries. The results of

— this-study could also be used to develop a smaller neutron probe to fit within
relined LOWs. The primary technical concern associated with this type of probe
is the feasibility of developing a small detector configuration that (1) exhibits

e - go0d neutron sensitivity- for obtaining an accurate moisture measurement; (2) but

o is not sensitive to the high gamma flux environment in the waste tanks.

~" " Resilts of preliminary computer modeling showed that it is feasible to deveiop a
-smaller.size neutron probe. with the desired characteristics_of high moisture
- - sensitivity and sufficient gamma discrimination. To match the moisture
~measurement accurac y -of the-existing -in-tank neutron probe, the-length of
e - .counting time would most likely have to_be increased. _Approximately 30 - 60
minutes may be needed to scan 10 feet of tank waste.
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e —— — - TY AANS Hum W

A modeling study has been completed to compare and-assess the impact of LOW
_____ material type and wall thickness on the expected moisture measurement

D — ----sengitivity-of-the prototype probes-(Toffer 1993).— The three most-important

e - e - facCtOFS- 16-CONSIder -in-the -selection of LOW material for a neutron moisture probe

“—— = - - ~are (1) effects on the moisture sensitivity; (2) expected detector count rate; and
- (3) depth of interrogation into the waste. The comparisons were made for LOWs
of identicai thickness. This study showed that the LOW material type has little

- S © T mmpact o these factors for an-eprthermal neutron detector probe: However, for

semsemm e oo g thermal neutron detector probe, the LOW material type is expected to have a

significant impact on the moisture measurement sensitivity, the count rate, and

the range of interrogation of the probe.

-~ - Figure 4-2 shows the predicted response of the current in-tank neutron probe to
: . increasing moisture concentration for several LOW materials. The predlcted

T DTG0 TESPONSES 101 all inodeled LOW mitertals are srgmﬁcamiy higher than for

Bttt |3 111 ba:mmg,atennergiass LOWSs. - Higher counting rates enable quality

data to be obtained in shorter time intervals. Figure 4-3 shows the results of

_ Figure 4-2 with the changing detector responses normalized to show fractional
iz e e iNCFEASE- 0 the Tesponse-watl increasing moisture concentration. The siope of

. . this normalized fractional increase is equivalent to the sensitivity of the probe
response to changes in surrounding moisture concentration. The LOW materials

ST e — e — o - eoTresportiding 1o -steepest curves in this plot would provide the greatest moisture

, sensitivity to a thermal neutron probe. Among the modeled materials, the best
.- ... .. sensitivity would be obtained using aluminum or zirconium; however, aluminum
would not be compatible with the caustic environment in the tanks.

.. ... ..__The radial depth of interrogation expected for the current in-tank neutron probe
e e -GG 30 W% moisture-sludge vades slightly with LOW material. The

Frem s o approximatedepﬁ'rof mvestrgatrorr for the probe ranges from about 40.5 cm for a

s s oo gteel LOW to-about 44-cm-for-a TEFZEL? LOW, For the same thickness

e e LG‘v‘v’, the plastic and epoxy-based LOWs should allow for a slightly increased
= #
A

TR T
il

fir u*;rrggat_ n over metal LOWSs.

b

S . The thickness of the LOW affects the probe response in a predictable manner.
- Increasing the LOW thickness for all materials decreases the probe sensitivity to
changing moisture concentration. For metal LOWS, the detector count rate is
oo RXpEcted o increass with. decreasing LOW thickngss - For the plastic and epoxy
-~ ——LOWs, the detector count rateis-expected to slightly decrease with decreasing
.+ LOW thickness. The hydrogen content of the plastic or epoxy LOWs acts to
_ increase the baseline count rate for a moisture gauge thermal prebe.

© . _ . 'Trademark of E. I. duPont de Nemours & Company




WHC-EP-0474-11

Count Rate (/s)
o
(=]
T
! Wﬁ .
. \\ \ \: |

igure 4-2, Model Predicted Detector Response to Increasing Moisture

.7 Concentration Sludge for Several LOW Materiais.
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Figure 4-3. The Predicted Fractional Increase in Detector Response to
semmmesmees —emoee - -Ingreasing - Meisture Concentration for Several LOW Materials.
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e Near Infrared Spectroscopy. The University of Washington’s Center for
.o - Process Analytical Chemistry (CPAC) Hias completed 2 Phase 1 study of the
e e e et e fd‘kSlblL'éy— gfmgg_m&lm anfnr‘e _maisture Wl__]l Qpﬂf@l qcattennz
i e e e teghniques-(Veltkamp 1993). - Comparison studies for three spectral regions
o ”""(vi’sibié,' NIK, and mid-infrared) on a 241-BY-104 saitcaie s1mmant indicated
e 7;'-‘;';" === figat the-NIR region-produced- the-best moisture sensitivity and the simplest (one
~ parameter) calibration model. Over a range of 0 to 20 wt% moisture, the NIR
calibration model predicted water within a 0.5 wt% limit. Issues such as
el particulate size and material matrix changes, are being explored in the Phase 2
e e e uaele - The Phase 2 work also includes a full-scale demonstration experiment that
oo - -~ indicates feasibility at tank scale dimensjons for non-contact sensing.

- ------ A-spectrometer system with 2 fiber optic probe is being delivered to
s o AWestinghiouse Hanford-by- Savannah -River Laboratory {(SRL). The plan is to
in'tegr'afé' the CPAC NIR c':aiibration m'odei with' this system Ior a remote probe

test thls system. The remote fiber optic probe system has potential application in
ot cells ard- with in situ waste tank pernietrometer systems.

i - oo Plonned- Wark for-Subsequent Maonths - Aneynerimental test atea in which io
T o eom plete the final development, testing, and calibration of a prototype neutron
diffusion-based moisture measurement system will be set up. This laboratory

CTtrmoTTh T T T lﬂ -ai Ownwessaw 'COﬁtrﬁﬂedEXpéﬁﬂwﬁt‘&i‘mEESufemeﬁtS w UC lllade as
‘I‘I'P

&

'I:J..

-Atwo-or three detector neutron-probe -wiﬂ -be—-medcled to-determine-if-a pulsed
] ﬂ&ﬁtf@ﬂ%ﬂiﬁ‘”’ can delineate-additional information about the surrounding
- medium, - The identification-of, and -compensation for, -air or liquid-filled space
"~ 7 immediately surrounding the LOW will be explored. The use of an epithermai
neutron detector to eliminate any effects on detector response from the presence
smmEEET s an oo of unknown amounts-of strong neutron absorbers in the tank waste will be

—e- e o..gxamined. - Testing to-determine the response of probes-to material interfaces
e will be pursued: A simulant more fepresentative-of the neutfonic properties of

s ess oo o ferrocyanide waste will be identified and used to obtain probe data s a final

. check Tor the” Monte Cdrio Neuiron Phoion (MCNF) model.

e Therintegraton of a SRL-NIR sysiem with the-CRAC -calibrabion model will be
: S fqn}uai.ze?.i _.d mat:..a.'rs for cold- feature testing will be identified. A pﬁi"l on
e - CPAC-Phase 2 mg;gga;c sensing feasibility work will ta published and Phase 3
SR ;,,,,,,,,,,, i work scope optimizing the calibration model will be completed.

e Problem Areas and Action Taken. Simulants, neutronically equivalent to
ferrocyanide waste, with known moisture (hydrogen) concentrations must be
sl e T=-—e—— —goauited -for finat testing-and- calibration. - {n-order to-correct-for material
T e - -inhomogeneities around the LOW, experimental results will be needed in
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T e R ~ simulants mmged t0- model -anticipated- rnafPrialgeomvtIiPSf ThNP results will

mo1sture contents Potentlal s1rnulant compounds contammg elements expected
—ooooo o e =m—— - —{p he-present in tank waste have been identified and their neutronic properties are
N S N being modeled in order to find suitable moisture waste simulants.

The apparent observed effects of nonuniform LOW boron concentrations has led
e e - {0 the conclusion that the use of one or more mlm_gm__a_l detectors should be
—— - —pursued. This should eliminate the measurement uncertainty from this factor,

— i a__nAtiactana Ctabac
- LVAIICILVLEG LILALLLD.

T.-=1

omosoomnn o= April 30, 1993: Evaluate moisture monitoring technology suitable for
in situ moisture measurement. A report Moisture Momtonng of
S oo Ferrocyanide Tanks: - An Evaluation o,fme.ﬂwﬂr and mo:s
o i s s s narma s s {WHE-EP-0658) was publicly-released-in-April
1693b).
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e e = September 27, 1993: A comprehensive neutron probe moisture
cemee e oo - - measurement proof of principle letter report was compieted on schedule,
G T The Teport was subsequently teleased-as a publicly availabie report in
' " 777 777 December 1993 (Watson 1993).

- December 31, 1993: A riser survey for insertion of new LOWs into
TTTTmmrTmm e 2 femyﬁﬁldewamhLiﬁ'ms_mmmpiﬁteﬁ_aﬁu a fepﬁﬁ, aSSESSIHg the
) . éf’feéfi ’of' L(')W’ mateﬁal on 'the' sensitivity of a neutron moisture probe was

e cSeptember 30 1594: “Provide-a-working protoiype ieutron probe system
-~ for moisturé monitoring with documentation.

- September 30, 1994: Complete review and design of dry well van
_.maodifications as required.

10

£ Al_l

T Tt T oo _S.e.p_t

her )

L'.l LA
,,,,,,,,,, _ mqt:all nn and 1
ol el L) Tl & Nl

3: Complete first phase of neutron moisture monitoring
initiate monitoring.

- September 30. 1996. Completc installation of neutron moisture

e rebr-ua-y 25, 1994: Complete the phase 2 surface monitoring interference
- - ucuuj:SCa}:e Up-TCpoit.
= e o= September 30, 1994:  Initiate a phase 3 surface monitoring contract and
nenvid rannrt




“27 (1) afety measures to be taken: (2 decisions Urrapproprivie atiions ading o closure of the

=" September 30, 1995: Complete surface moisture measuring development
work and in-tank demonstration.

- September 30, 1996: Initiate installation of surface moisture monitoring
equipment if demonstration is successful and if the need is warranted.

c—ee o= Sep ..mher 30, 1997: Complete installation of surface moisture monitoring

= -4:4:3- Preparation and Characterizatien of Ferrocyanide Waste Simulante

Ferrocyamde waste precipitates-are being prepared and anaiyzed o determine ihe
composition, physical properties, and chemical reaction properties of simulants that represent

o fer;ngvamde waste stored in SSTs. The analytical results from these simulants, along with
- analyms of actual tank waste samples, waste ‘tank monitoring, and waste modeling, provide

Py A Y

~information to characterize any-safety concerns of the sludge in each of the ferrocyanide
tanks with a great deal of assurance. The results will also provide a technical basis for

e o

Ferrocyanide USQ; and (3) eventual resolution of the Ferrocyanide Safety Issue.

- Five waste simuolants {without radicactive: S}:@ﬂea) arﬁbmngnsed to-represent the variety of
waste produced in the mid-1950s and stored in SSTs. The wastes produccd at the Hanford
-U Plant are represented by U Plant 1 and U Plant 2 test mixtures. The U Plant 1 waste
“;mﬁlar't represents 41 of sq batches-and the U Plant 2 simulant represents 9 of 39 batches of

- U Plant was - The average U Plant batch volume was-about 2, 309 ;000 L-{600,000- gal}.
“Thie ottiér aine batches-of U Plant waste-are-expected-to-five a feridcyanide- concentration
“Between that of U Plant 1 and U-Plant 2. A test mixture representing these -batches will not

- -be prepared-and tested.

|"'a

... " Theln Farm flowsheet waste (in"four C Farm fanks) is represenied by in Farm 1 and

~In Farm 2 test mixtures, The In Farm 1 test mixture is representative of one batch (expected

ale o

- to-liave the ‘greatest ferrocyanide concentration) of the 29 i farm batches processed-in the

------?-51959§:--IﬁTFarm'-z‘--isf—rcpfeSs.ﬂ-téﬁﬂc'eﬂli intermediate ferrocyanide concentration batches of

the 29 in farm batches. An average size In Farm batch was approximately 1,500,000 L
(400,000 gal). It should also be noted that six of these 29 scavenging batches did not contain
any ferrocyanide, but sodium sulfidé was added to enhance precipitation of ®Co.

A T-Plant simulant-was prepared for testing- to represent the six T Plant batches produced.

" An average sized T Plant batch was 2,098,000 L (554,000 gal).- The T Plant ferrocyanide
sludge is stored in three TY Farm tanks.

s ;ermc}mmmmgﬁsﬁ These g“a-f@s are as follows: (1) the solution concentrations were
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ad}ust&. to include nitrite-at-a -1;3-mole ratio of nitrite/nitrate; to account for nitrite buildup
oo o over time in the wastes by radiolysis of nitrate; (2) the waste simulants prepared for
characterization do not contain radioactive isotopes present in actual waste, because of the
. difficulty in working with 'fadit)actim;materials;;ani(ﬁ}me.setﬂed.waste.simulants from the
-~ [abOraiory SCAVENgIig Process wi fé‘ééﬁﬁnm[rg'éd‘ﬁ‘ﬁ"fbfce ol ~2,500 gravities (g) to mimic

ammiuvalant 2N vaar cattlin WXTIodd.

|1-
ll-

- .~ The-moisture content of ferrocyanide sludge is very important in the exothermic reaction
- —behavior of ferrocyanide/nitrate-nitrite mixtures when ferrocyanide is present-at
---concentrations greater than 8 wt% disodium mononickel ferrocyanide. Studies are underway
~_to evaluate the moisture retention properties of ferrocyanide simuiants to relate to possible
-waste- tank leaks, tank-stabilization by pumping,and possible -evaporation- from exposed

GII"F‘:!"QG
UL LI WD s

- =9 - Pregress During Reporting Peried. - The ferrocyanide content of the T Plan
© 7 Tsimulant fractions and supematant were determined. A summary of chemical
T Dl T D ™

B ::Tfl-cempusmeﬁs of dried- ierrocyamde waste-simulants (U7 Plant, T Plant, and

- — - ----InFarm) is-presented in Table 4-2. Moisture drainage, retention, and
evaporation behavior tests were continued to evaluate possible end-point water
content of simulants for postulated tank leaks, stabilization, or evaporation.

Dried T Plant simulant contained a stoichiometric excess of nitrate/nitrite and
i o e o 0.8 Wi % total cyanide in the bottom fraction and 4.4 wt% total ¢yanide in the
’ " top fraction. The fuel in the T Plant simulant is much less concentrated than in

- the In Farm simulants. -The cesium content of the scavenged supernatant was

. _less than 0.1 ppm.

Tabie 4-2. Anaiyses of U Plani, T Piant, and In Farm Ferrocyanide Simulants

. SRR ‘Dried UPlant 2~ | Dried In Farm 1 Dried T Plant
Consmuent -| bottom fraction hottom fraction top fraction
- Weight Percent

Bound Water . .25 . 54 . 3
Nitrate 7 33.0 7 29.0 19.8

Nitrite 7.9 8.1 4.3

e Liﬂ.ﬂﬁ?ﬁ{‘j} ’ 8.3 AN 8.8
Nickel Suifide 0.0 —2.7 T 0.0
an _ iz T
"""" _ _*{ LCLL DULILY l - -~23 1 b -~ 1J 1 o -~ JJ
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,—:::—:-.-,-L--u-,-,-_--_Tai'{.g_axe_cgntjmmg tn datermine the amoynt of mmsnms remaining in the

e gmytants T the event of - free-fiowing drainage, such as & tani leak or saltwell
pumping of liquids for tank stabilization. Three types of tests have been or are
—o T Béing condiicted: (1) a free flowing liquid drainage test using In Farii 2 {op
mzems - oo ~SrE2toR-simulant at-ong atmosphere-pressure;. (2).centrifuge tests with open
e e s *éed drainags at gravity forces up to 100 g on In Farm sunulant and (3) gas
L. T pressure tests on-In Farm-simulant loaded in Tem 8

in Tempe’ cel

I
"‘:t:l

oo -~ -The free flowing liquid-drainage test-has centinued 18 months, -A 4 inch
e diameter column was filled to a height of 8 inches with In Farm simulant and
allowed to gravity drain. The initial free water content of the simulant was

e S W Caloiiations from the measured fiquid-drained-to_ date indicate that the

e e oo - - remaining- ﬁateﬁ;‘,l has a water content of about 47 wt% (Figure 4-4). Liquid is

seem e e - ooptintiing to drain very slowly from this material with no apparent termination

o o= gnticipated dn the near future..Some consolidation of this simulant has been

observed during the test.

Covmmme oo Fipure 4-4. 0 ' Weight Percent of Free Water Remaining as a Function of Time,
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.. Scoping, vented centrifugation tests conducted at 10, 20, 50, and 100 g
~-oo =~ centrifugal force with In Farm simulant on a fritted porus media (30 um sized
, openings) resulted in final water contents of about 48, 47, 46, and 45 wt%,
= - o= = - -—Trggpectively. - This-identifies a final-water conient which is above the minimum
. ___.___ ____ water required to prevent propagation of Lhamo t concentrated ferrocyanide

e s SHRAIANE - Coneplidation wage sheerved but-not measured-in these tasis,
i e Moi@fuire retenﬁbn’ie«t'_ 'usinc oa.s pressures on loaded Tempe cells have been

rmm e e s e "Mmhda"ﬂn of simulant was observed and repaclcmg of the sxmulant was
f:‘t‘;,:;‘::t,::i‘,;:::?;t::fi::‘i,— . “fﬁE;:"IE" ied as needed. The- DO‘FI of air entrainment has not been reached at these
oo o pressures but additional testing 1s underway at higher pressures.

T T T T $_H.Icgé water 1oss-ifallowed- tcr.gfa'v'ttv drain, The model simulates flow of a
e .-~ highly concenirated solufion of nitrate saiis through an-unsaturaied perous
e —————— - mediunms- Data from the small column, centrifugation experiments, and Tempe
St - cell tests are being used to estimate the hydraulic propertles that control hquld
-~~~ flowin the sludge.” Figure 4-5 shows water remaining as a function of time for
e - --2n 8 feet deep sludge laver. The model indicated -that the sludge would still

A A
" Tl .- — ‘-—-—--h wrruir mam mE e —"n- - ﬂ
- s gontamAt wi %owater even-afier 200 16 300 yaars- of draina age.

" Figure 4-5. Water Concentration at the Surface of an Eight Foot Column of
Ferrocyanide Sludge as a Function of Drainage Time.
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77T T T Tests aré contifuing to determine the amount of moisture remaining in the
B - simulants in the event of a free flowing drainage, such as a tank leak or saltwell
pumping of liquids for tank stabilization. Three types of tests have been or are
e == hainsconducted: <(1)-a free- flowing lquid drainage test-using In-Farm 2 top
fraction simulant at one atmosphere pressure; (2) centrifuge tests with open
" “érided drainage at gravity forces up to 100 g on In Farm simulant; and (3) gas
S pressure iests on In Farm simulant loaded in Tempe’ cells.

s oo - 'The free flowing liquid drainage test has continued 18 months. A 4 inch
S ‘diameter column was filled to a height of 8 inches with In Farm simulant and
e e s - - - - aligwed- to-gravity drain. The initial free water content of the simulant was
LT e a3 G- Calewlations from-the measured - liquid drained to date-indicate-that the
S -remaining material has-a-water- content of about 47 wt% (Figure 4-4). Liquid is
T T s s eontinuing to drain very slowly from this-material with no apparent termination
anticipated in the near future.. Some consolidation of this simulant has been
__._ohserved during the test.

<= e Figure 4-4. Weight Percent of Free Water Remaining as a Function of Time.
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St omter oo omr Seoping, vented cenirifugation h“:% conducted at 10, 20, 50, and 100
sl ~¢antrifugal forcs with-In Farm simpiant on a fritted noms med;
T Tooosio-o-ouenings) resulted in-final water contents of about 48, 47, 46, and 45
respectively. This identifies a final water content which is above the minimum
e cre e WALET Teguized to prevens propagation of the most concentrated ferrocyanide
simulant. Consolidation was observed but not measured in these tests.

o _Moisture retention tests using gas pressures on loaded J'gmpeLc:llq have been
===~~~ ronducted for pressures at 10, 15; 100, 200, 300, and 500 cm of water.
e e - -2 CoNSolidation  of simulant was obseyved and repacking of the simuiant was
performed as needed. The point of air entrainment has not been reached at these
pressures but additional testing is underway at higher pressures.

e eic oo .. .. Modeling analysis of simulant drainage is continuing to evaluate ferrocyanide
sludge water loss if allowed to gravity drain. The model simulates flow of a

st e -'*-f—’*—*?-";--5’-’-’**"***’mgm?-eere:ﬂﬁra'eéscmﬁmmmff@ salts throu uuuusu an-unsaturated porous
= - e e = ——medivm:— Data-from-the small column; centrifugation experiments, and T iempe
cmememeee el tests are being used to estimate the hvdraulic properties that control liquid

- - - - flow in-the-sludge: Figure 4-5 shows water remaining as a function of time for
an 8 feet deep sludge layer. The model indicated that the sludge would still
contain 40-wt % - water-even-after 200 to 300 years of drainage.

st e i ,,Figﬂze 4-53.- Water Concentration at the Surface of an Eight Foot Column of
o o o o Bammaannids @ladon oo o Thimetisn of Tieeicsas g QN
e R e ) s P TR T e Ty Sgv a5 a Tuncusn O Uld.[lldgc 1111,
- - :'Isi = }
| | _ i
Weight
Percent
- e ama - _ %
vvater X
a5 ) -
_ B \\'\\!-;_______
i 1 | I
40
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Tests are continuing to determine the amount of moisture remaining in the
e simulants in the event of a free flowing drainage, such as a tank leak or saltwell
"~ pumping of liquids for tank stabilization. Three types of tests have been or are
e emieeeee.. .. being conducted: (1) a free flowing liquid drainage test using In Farm 2 top

s e e e f;a&cgga,s;mulam,at,gne,atmosphemprcssum,fu)mnmmgmcsls with open
e s ended drainage at gravity forces up to 100 g on In Farm simulant; and (3) gas
~m oo pressure tests-on-In Farm simulant-loaded in Tempe® cells.

~ The free flowing liquid drainage test has continued 18 months. A 4 inch
o diameter column was filled to a height of 8 inches with In Farm simulant and
CIUUTILL DLl Uallowed to gravity drain. - The inifial free water content of the simulant was
e ____ 53 wt%. Calculations_from the measured liquid drained to date indicate that the
- o remammg material has a water content of about 47 wt% (Figure 4-4). Liquid is
i I¢onfinuing to drain very slowly from this material with no apparent termination

t}f‘}pateém the-near. future. Some consolidation of this simulant has been

——- nhoserad Aneine tha tact

GuSCIvEd MULLILE Ul WOt

Figure 4-4, Weight Percent of Free Water- Remaining-as a Function of Time.
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e ~~Scoping; vented-centrifugation tests con wducted-ai 10,720, 50, and 100 g
T T T T 7@!1&11112&. force with ln fa.flﬂ simuiant on a fritted DOI'uS mwla (JU #m Slzed
noom s oaoies o .oOpenings) resulted in final water contents of about 48, 47, 46, and 45 wt%,

~- - respectively, - This-identifies a final water content which is above the minimum
e ... watel required to prevent propagafion of the most concentrated ferrocyanide
o ~ simulant. Consolidation was observed but not measured in these tests.

Lo R EmEe e eondvcted {or D pressures ai- 1" 1“ LUU 204,300, -and 300 ¢cm of water,
rmeminm Consolidation of mmulant was observed and repacking of the simulant was
—o= oo performed as megded.  The poini of air enirainment has not been reached at these

—a

- mmmmsemeesss s oo pregsyres -but-addition aHestmg isunderway at higher pressures.

e e MO StUER. XEtENtiON. Jgstsmmggas_p:&qqumq on loaded Tﬁmpe_cells have been
l

" Modeling analysis of simulant drainage is continuing to evaluate ferrocyanide
oo oo oo o7 slodge water loss if allowed to gravity drain. The model simuiates flow of a
- "’T.’.’;'.’__”"”_”*_’hlghiv concentrated-solution of nitrate salts throngh an-unsaturated porous

e e - medium. Data from the small column, centrifugation experiments, and Tempe
iTeem ot domeeee e - el tests are being used to-estimate-the hydraulic properties that control liquid
) _ﬂow in the sludge. Figure 4-5 shows water remaining as a function of time for

an 8 feet deep sludge layer. The model indicated that the sludge would still
S -contain 40 wt% water even after 200 to 300 years of drainage.

o= - —— - Pipure 4=5, - Water- Conceniration ai the Surface of an Eight Foot Column of
Ferroc _y__u:lc Sludge as a Function of Drainage Time.
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o A ;;srs*sﬁmus that-the sudge matrix rem ZHEEﬂﬁ;u b.f'ﬂref,wer, s.luf!g-.
— ~would dry out at the surface if exposed to sufficiently low felauve hum1d1ty
o T gages “This modmng study did not consider evaporation at the surface if relative

— eI iAis 3o laos tha ahiTstan
TrTTrTT oo omm o omrmmommeEs ﬂ’d’luluj.kv 18 1T0Y WAL Ddral s il

T R ) Wﬁter'adsnroﬁom‘desorption- experunegiits were performed by Nuclear
oo - o - - —-Consulting Services Inc. on In Farm 2 top fraction simulant (se¢ also Appendix
C in Postma et al., 1993). About 1 g quantities of simulant (containing an initial
e = e — - - 53wt %--water) —were—exposcd 1in controlled humidity chambers to 30%, 50%,
o _ 75%, and 90% relative humidities at 25 + 1°C. The simulant samples exposed
o R RIS o ar 306530%, and 75% relative humidity (RH) all lost weight. The simulants
o _ retained 4.1 wt%, 10.6 wt%, 31.3 wt%, and 65.4 wt% free water, respectively,
fm oo o . _... _.at equilibrium, rcsnecuvgly, within a 96 hour time period. The simulant exposed
e to 90% RH gained 36.0 wt% water at equilibrium after approximately 216 hours.

“oo o exposed to the 30% RH and 90% RH atmospheres by re-exposing them to 90%
- — cme—eecmmmzrninoo 0 gnd 30% RH atmosphieres, respectively. Cumuiative weight changes were
o == e e 436, T wid of the original sampie-for re-exposare o 96% R afier 220-hours
- _' . ___and_ -51.2 wt% of the original Sample for re-exposure to 30 wt% RH after

49 hanve

i YR W
ST ARV MR M

T Thiese test tesults- indicate-that the equilibrium water content of the simuiant is
LTI ..._-.-._stmngf)td_,pendnntanihn relative m_u!udlt'y of the exposed atmosphere. The
TR ETEET S e mﬂgwﬁg eaﬁaﬁeﬁ was derived from the aas"ﬁpic lmlts {o express the

T ST ~equilibrium water adsorption isotherm of the simulant on a dry weight basis
e e e ____“_,,.(.gv_gn_ drving at 120°C for 18 hours) as a function of relative humidity;

- log(wt% water adsorbed) = 0.02218(%RH) - 0.03246

T . _Muchof Lhetgnggy nide siudge stored in the tanks is covered with a saltcake
LR ~1ayer-or has a liquid level above the sludge level with the possible exceptions of

M 1NN

,,,faur,m;eqm,smoﬂlm tanks: 241-C-108, -C-111, -TY-101, and -TY-103.
Humidity in these tanks may be measured at a later date.

, o Planned Work for Subsequent Months. A ferrocyamde waste simulant based
| mmrsmremooemes o -onccharacterization-of -acmial tank waste samples will-be-prepared, analyzed, and
e e tested Slmﬁmd:a}aagﬁaa&ﬂmmfuga{m tests- will continue, The effects of

relative umidity in air on the joss~and absorption-of moisture will be-evatuated

under zeometnc conditlons renresentatwe of the SSTs.



WHC-EP-0474-11

A test report on the results of the centrifuge tests will be prepared for public

A report on the three methods used for drying the ferrocyanide waste simulants

. |
AT T H

_ _ . 4t
vuu. uc PICPdITa diil i53ucCd.

e mmimeemma_ isemmmmmm. e munl A adfa T nan
LA l'l.'UUlel.l.l ﬂlw o :n.uuua l.ill\CI.l LWJIIS

a-report, amla"le to-the public; on-the-gvaluation

' :::-_-—_;_:_—iﬁiarsl':&i_, 1594: Issue a report, availabie to the public, on the effect of

—eentrifagation orrwater retention by the In Farm simulant,

R L T iR b AR u A BT SR

o _-__May 31, 1994: Issue a report, available to the public, on the chemical and
- —fph)_tsw_al—pmpemesof the T Plant ferrocyanide waste simulant.

Tt o - September 30, 1994: Complete drainage tests on ferrocyanidc waste
o e e SiTOTants and issoea pubiicly availivie report-on modeling and moisture
retention by ferrocyanide sludge. '

woelem It e September 30, 1994y Issue a publicly available report on the effects of
s s = o relative-humidity on-surface -moisture retention in ferrocyanide tanks.

4.5 CHEMICAL REACTION STUDIES

] "The schedule for the program on study of the chemical properties and explosive behavior of
' " the waste in these tanks is indefinite and does not reflect the urgent need for a comprehensive

oo gnd definitive assessment of the probability of a violent chemical reaction. The study should

R _pe_extende¢to other metallic compounds . qffermcyamde that are known or believed to be
SR present-if-the tanks ;- 50-thas conclisions can be generalized-as to-the range of temperature

‘.

il nodinm m:f’

- = R = "
T e s msnenseas —"G%“3f&€? Ffaﬂm‘gﬂ” »3‘3&33 Ju:"' - raﬁza Ehamical Tc’af:r;oﬁ ViR sodim nitrate.

ﬂ:

T ' ' Chemical reaction studies on Ierrocyamae waste simuiants are belng conducted by
SooiTmanisis Westinghouse Hanford. wmnaﬂYFEA! PNL, Los Alamos.National Laboratory (LANL), and

~~ -~~~ ~~Washington State University. “Westinghouse Hanford Company and P. L have produced
= - - === —flowsheet simulant-materials for- testing and -characterization. -In-F¥ 1992, LANL completed
e e . -chemical reaction sengitivity tests.on ferrocyanide waste simulants to identify what stimuli
— - - —==oo-(@mphasizing non-thermal) may cause a reaction to-occur (Cady 1993).  FAI is conducting
-adiabatic- calonimetry and propagation tests on these same replicated flowsheet materials.
f

D L = £aU B 7Y & Wy Qiiv pivpapa

The FAI scope of work was-expanded in FY- 19930 include selected aerosol studies.

e ¥ O SF o B R )
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. 4.,5.1 Chemical Reaction Studies at Pacific Northwest Laboratory

Chemical reaction studies are continuing at PNL using flowsheet simulant materials. Waste
_ studies addressing DNFSB Recommendation 90-7.5 were conducted to determine (1) the
- -~ - - - -aging effects of more than 35 years of storage in the tanks; (2) the speciation of cyanides
- - SO - - found in actual tank waste; (3) possible microconvection mechanisms that may have aliowed
. — - —mixing of the ferrocyanide sludge with caustic solutions added to the tanks at a later time;
. {&) the influence of chemical interactions and physical changes on the solubility of sodium
-~ -————- - and cesium nickel ferrocyanides; and (5) the reaction kinetics of mixtures of sodium nickel

- ferrocyanide and sodium nitrate/nitrite.

Aging Studies. - Ferrocyanide dissohrtiom and hydrotysis screening siudies were
-~-continued during the auarier with cxpcﬂmcnh conducted at pH 10 and 60°C to
=~ nvestigate thie behavior of ferrocyanide matenials that may not-have been

S oo e~ —exposed tohigh pH waste: A sample of dried In Farm 1 simulant was contacted
e ez s s e oWith--pEE 10-carbonate_buffer_solution for four weeks at 60°C in a gamma field
Tt T of 1.43 x 10° Rad/h. Sodium concentration in the solution was ad]usted tol M

 ____ _ with NaNO,. An identical reaction mixture was heated to 60°C outside the
e ’ gamma field as a control.  Ammonia concentrations observed in this experiment,
omTi oo for-both the control and irradiated solutions, were two orders of magmtudc less
SR s oo o than those observed ina previous hydrolysis experiment conducted in 4 M
' ' - NaOH. The formate concentrations measured by ion chromatography (IC) were
also much lower in the solutions from this experiment. The control supernatant
ol s e (WAS coloriess and contained no soluble iron, indicating no dissolution of simulant
at pH 10. The irradiated solution showed a trace of soluble iron corresponding
to 0.2% dissolution of the simulant. Little or no cesium dissolution occurred in

e T either snluhnp_

AL AMA W

The analyses for NO; and NO, in the 4 M NaOH and pH 10 solutions were
T consistent with the amounts initially added The NO,' and NOz' concentrations in

R _ of the In Farm 1 matenal, calculated t_o be 0.301 M and 0.100 M, respectively.
' However, a net conversion of NO,” to NO,” was observed during the gamma pit

B test. Similarly, the concentrations of these anions in the pH 10 control solution
oottt ooooo - T owere the same as those added: - The resulis of ihe two sets of experiments are

A nhia A_1
comparca in Table 4-3,

oo — Additional-experiments were conducted to investigate the solubility of

' Na,NiFe{CN); in caustic containing cesium ion. The purpose of these
---expeﬁmcnts— was to-determine whether cesium 1on exchanges with sodium to
Coe UL form insoluble C&Nti(CN\.n faster than the Na,NiFe(CN), will dissolve in

e e e == NG OH Torming soiuble Na,Fe(CN)g and insoluble Ni(OH),. Based on prior
ceeimm e o oo oo Obgervations with cesium-containing materials, Cs,NiFe(CN), does not dissolve.
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— _Brmommnng;so]nble_xmn -and_soluble_cesium ion as a function of time during a
_"dissolution experiment, raies for these processes can be obtained.

L= - - In the two experiments performed, two 50 mL solutions, each containing 3 x
e Ji}“ suf)gkﬁnsmmamn_g 3 M NaOH, the other 4 M NaOH, were added to

separatc flasks containing 1 g of Na,NiFe(CN),#Na,S0,#4.5H,0. The cesium
S concentration used was estimated from tank supernate sampling data. The
reaction mixtures were stirred continuously, except during brief sampling
oo oo oo - - periods. -Solution samples were filtered and analyzed for iron and cesium by

_ atomic absorptlon.

Table4-3. - Solution Analytical Data for Reaction Products from Hydrolysis of
In Farm 1 Simylant,

) 4 M NaOH, 90°C ___ _pH 10, 60°C
. - Analyte | ~-Control | ~Gamma ~Control - - Gamma
NH, 0.0109M | 0.0938 M 2.88x10' M 1.80 x 10° M
PR HCO; 0.015M | 0.015M 0.0039 M 0.0021 M
) NQ, 0.288 M 146 M 1.063 M 0.937 M
NO, 0.090 M 0.252 M 0.102 M 0.216 M
S --- Fe. 1,675 ppm | 890 ppm | 0.57 + 0.68 ppm 4 + 0.41 ppm
- Gs+ _5.1 ppm 8.7ppm | 8.0+ 1.8ppm | 0.52 % 0.56 ppm
e __The results of these experiments were pared with earlier data from

dﬁ&@nmﬂ,m_n of the: ’fﬁﬂdﬂf. mate-iai at pH ;4 and data from dissolution of the

In Farm 1 flowsheet material, which was precipitated with cesium. The data in
-+ ——- - --Figure -4-6-show- that, -within- the accuracy -ef the analytical -method for iron, the
----—-—--------—---—cnncentratiorrof base mn these 'highly taUatit'raoiutions ‘has iitle inﬁuence on
s s s gigSalution-snd-that-the -presence of 3-x-10° M-cesium-alsodoes-not greatly affect
- -— - dissolution rate.- Figure 4-7, h_ewe‘vmr, shows that cesium is rapidly incorporated
- - - -intg the solid phase for both experiments with. about 90% incorporated within 10
) min. Future experiments at this cesium concentration will employ a larger
solution volume,




-t 'll'.‘:.l_-’?l_" i
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~_ Figute 4-6. Iron Concentration as a Function of Time.
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i Cyanide Speciation. . A draft analytical procedure for the determination of major
o e oo —-- —eyanide-species {CN, Fe(CN)E, and Fe(CN)F] in samples of fertocyanide. wastes
ceeefie weon-ee e hag-been developed. - The methods-empleyed are based on Fourier transform
e e e e A TATEAL SPECHTOSCODY (FTIR)-and (. -Several ferrocyanide materiais were
T T anaxyzeaxr“mrfg the draft anaiyticai"procedum' and total cyanide analysis by a
e s - - - - icre-distiliation: technique-(Pool 1993). - There was good agreement between all
e ;-ﬁrfeemetheés. ~A repori-summarizing the-procedure-was-publicty refeased this

7.._____7_7_ Ll miartar {Revan at al 1QQQ\
Hmw‘ \ul;ml i ﬂ-lo, J-JIJ

~ In preparation for evaluating the analytical procedure with actual ferrocyanide
waste tank samples, FTIR equipment is being installed into a radiologically
controlied laboratory. A radiologicaily controlled hood has been assigned for

s oo this tagle and 3 gag purge system has been installed.

B - Microconvection Modeling, In FY 1994, efforts will concentrate (1) on
T s expandlng a 2»]} transpert —mad-el -developed last fiscal year to accommodate

U ohc;mstrv model Theend geal of the modehng studies w111 be to quantitatively
N 11 ("¢ | (el t_he amount of ferrocyanide that could have been solubilized and
S e subsequently removed from the single-shell tanks from the fluid convection
oo CLllsZiioZ_onio .2 mechanisms that were identified last fiscal year. These convection mechanisms
com e s sinchode-buovancy-aided flow cansed by gradients in temperdiure and fiuid
chemical composition.

.~ . . . Aliterature review to determine the best approach for solving heat and

e ... multi-component reactive transport for tank waste problems indicates that an
rem e e e o glparithng developed by NASA appea:s to offer the best approach. The
el i e o difference equa.uons that resuy xrom this algorithm maintain the qpace.-tlmf:

oree e e - == —-invariance of the original partial differential equations and thus minimize

e e e RUMETical diffusion which plagues conventional solution technigues for
o e e~ oGRSRTVALIG TAWS: - The algorithn will require a 2-D derivation before it can be

e used for modeling single-shell tanks,

e “'Work was also started on modifying the free energy minimization code GMIN
ST mm L mrnemssniis o (Feh}w 1950); whicl 15 a code for solving chemical equilibrium problems. The
L GMIN-code is currentiy setip ?}fi’ﬂ”_ﬁiﬂ?,ﬂimﬁﬁb’ﬁﬂtpﬂ'l'aﬂd"mﬂsf be-modified
for use as a subroutmc that will be called hundreds or thousands of time in a

s oo Cyanoferrate Solubility Study. Solubility studies are being conducted to
eiime =i+ w e . investigate the solubility of Na,NiFe(CN), and Cs,NiFe(CN), as a function of
CoTimoiilon o Csferrocyamide (for the solubility of Cs NiFe(CN),), Na-ferrocyanide (for

Na,NiFe(CN),), NaNO,, and NaOH concentrations. This information will allow

Sl reaas e aecurate prediction of the influence of chemical interactions and physical changes
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B _____ _____ _on the concentrations of these materials in the solid and the liquid phases of the
e : ferracyanide tank wastes. To obtain these data, the solubility of Ni,Fe(CN) as a
R - ————function of either } NiCl, or Na,Fe{CN); is being investigated.

P ~-Experiments have revealed that the %ombﬁd’} of NizFe(Ch)yin both NiCl, and
Tt ot T T o N Fe(CN)g solutions is similar at ihree day and 18/19 day equilibration periods.
o rawisee e oo Fhis suggests that the dissolution kinetics of Ni,Fe(CN), are rapid and reach

L~ -~ steady state concentrations in less than three days. The solubility of Ni,;Fe(CN),
T T fm NiCl; shows an-amphoteric behavior-in which the solubility, in terms of

oo " “solubie lﬁ)ﬁ IEBITIECTB&SE'S }'iuu ilien mcreases WIﬁTprngSSiVEIY‘IﬂﬁIE‘&SIﬁg
SERRIITET LI St mCl2 concentrations. In contrast, the solubility of Ni,Fe(CN), in Na;Fe(CN),, in
terms of soluble Ni, shows a dramatic increase with increasing concentrations of

- e e Xray di- action analyses of the solid phases in contact with these solutions after

T 59-days of equilibration show. that Ni,Fe{CN)¢ was the only identifiable Ni
LY 7, T.ﬁm.ag solid in-samples equilibrated with JS“-F@‘CN)“, The solids from the

,,,,,:,,,,,,l\h Fe(CN), samples _equilibrated with hi igh NiCl, showed evidence of Ni
T T ’S’ubs{l{ﬁdon fex e J‘; thu Sﬂll’u‘ﬁ.

S - ~ conducted with an accelerating rate calorimeter (ARC) to measure Arrhenius

e e kine.tic parameters.and to determine. the thermai behavior of mixtures of sodium
-nickel ferrocyanide and nitrate and/or nitrite. The mixtures analyzed were:
(1) a near-stoichiometric mixture of sodium nickel ferrocyanide and equimolar

LIITIET T e ewermens Seuil}!"a—ﬁx _e &Pa‘i}‘}’.ﬂ'f (2) ndium niskal ﬁaﬁ-mynmr}p and. a 10 fnld

i s s stoichiometric-excess-of sodium nitrate; (3) sodium nickel ferrocyanide and a 10

- -~ fold-stoichiometric excess-of sodium-nitrite;-and (4)-a-10 fold stoichiometric

~ excess of equimolar sodium nitrate and nitrite.

o= e oo The gegp-stoichiometric mixture- shonld exhibit the greatest reaction rate, because
s enn s o1t -hag- the-least-amount of inert material present to absorb heat. The studies using
an excess of one reactant were performed to produce pseudo first order kinetic
behavior. An insignificant amount of the excess reactant is consumed, making
. 7 _ _the reaction rate dependent on the limiting reactant.

=T T T ATFARCeswas performed-on-a 1.5 g sample of 2 near-stoichiometric mixture
== - - uf-sodiunrnicked feﬁucyamde and- equtr‘ro}ar sodium nitrate-and nitrite using a
' - temperature step of 5°C, and an exotherm identification criteria of a self-heat
" raté of 0.01°C/min. A reaction began at 180°C and continued at several
mrmese e - different self-heating ‘rates. - The initial reaction slowed a couple of times before

R PR e — e — ﬂ!\"lﬂfﬂ

I ~ thermal runaway Degan ai about 207°C. The reaction begmnmg at 180°C is

e T DI dssociated with e rapid production of gases. The reaction beginning at 207°C
is characterized by a drop in pressure, suggesting reaction of the product gases




either with themselves or with the remaining solids. The pressure begins to
increase again when the mixture self-heats to 227°C.

e To obtain activation energies (E,) and pre-exponential (A) parameters in the

- Arrhenius equation (Equation 1), it was assumed that a small amount of the
reactants had been consumed at the beginning of the reaction; i.e. zero order
kinetics existed at the start of a reaction. Based on this assumption, the least

ooz - squares: method was used to-fit the initial portions of the reaction curves to the

- eeeo- - gguation having the general form. prcscntcd in Egnation 2, where y = k,

oxry P Y

--m = ESR, x = 1/T (with T in °K), and b = in{A).
'’ b H

-

Eouatinn 1
nguanon 1

G e ) = mx4b Equation 2

Table 4-4 shows the results of these calculations for the ARC test. The ARC
e e TESUNS fOI-the 10-fold pitrate mixture indicate that an exothermic propagating
e e reaction begins at about 280°C. The pressure curve indicated that gases are
---being produced in the absence of an exothermic reaction, which suggests thermal
decomposition or other endothermic reactions, At 240°C the pressure begins to
- {'d'op'-l‘al}id y indicating gas phase reactions or gas-solid reactions. - Once the
= ___gxothermic feaction. beging.at 280°C., the pressure increases rapidly in concert

- _ ... with the reaction .or self-heat rate,

- Table 4-4.-Calculated -Activation Energies and Pre-Exponentiais for
- Selected Reaction Steps.

] ~ Start Temperature | E, 7 A
, — 156 Lo 800 5 X 10%
- 210 110 6.9 X 101°
- 270 90 - f T 9.1 X 107

The thermal behavior of the mixture of sodium nickel ferrocyanide and a 10-fold
stoichiometric excess of NaNO, revealed that the nitrite mixture begins reacting
--exothermically at 216°C, campared 10-280°C for the nitrate mixture. The final
s s **Mgatingﬂac’f' 1-step-in-the nitrite system begins at 250°C. Comparison of
o the two systems indlcaieﬂ.man_mc.mmm.system.mmomthcrmally sensitive than
- =:=mmne mooothe nitrate-system.. The pressure curve again-indicates that pasphase or gas-solid
. eactions occur prior to ihe exothermic reaction siep.

|
""'11
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L "7 The thermai behavior of a mixture of sodium nickel ferrocyanide and a 10-fold
ST T Tt T ~stoichionietric excess of an equimolar NaNQO,/NaNO, mixture revealed that the
' ' S “first observed exothermic feaction occurs at 195°C, siightly eariier than the
- = - _pitrite.system. - The second-exethermic reaction is- observed at . 220°C, again
e e Iower thian ‘the ‘nitrite system. This suggests that a system containing both nitrate

= --— - - and nitrite is sli gh ore sensitive to  thermal initiation than a system containing

—mmros e saseee - Planned Work Fer St uent Months. The aging study radiolysis and
e ﬂydfelyms experiments will be continued using the most reactive ferrocyanide
o N S ~ flowsheet simuiant (In Farm 1). Temperature and pH will be evaluated during
e e ---__ga.rmna Dit ;admlyﬁs'cxpenments to determine rates of hydrolysis under
T e e ~projected tank wasté cohditions Es ey c;ua[ﬁ{l or ihe years mmediately afier
' ferrocyanidé waste scavenging. This work is expected to be completed in
FY 1994,

e -,-,ef-:.,-'-u-uu(;ygﬁiﬁ Wﬁlﬁﬁ :‘vhm% -methods d \ﬁe}apment, inclhu'iﬂg 1C methods and
e _-__solunon IR,mgﬂlgds,le continue until the validated techniques and procedures
LSLLLLIZITITILITT can be routinely applied to samples in the analytical laboratories at both PNL and
e Westinghouse Hanford Company. The studies will include the determination of
s nos oo em oo~ iaterfavancey and corrections or work around that may be encountered in
developing analytical-methods for actual waste samples. Completion of this

e el e PR awmd A0 TV 1004
phase is expected by the end of FY 19%4.

Microconvection modeling studies have been expanded and information that
T " 77 comginy key physicat aid-chenmical properties of waste as-described above ior
SlimoanTLIaIEs T FY 1994 will be assembled.  This task is expected to be completed by September

2N 1004
. Ju .

i
ey 2

(]

[+
H
-]

un
Y
]
]

e e s o~ S OBt ETRBEE 30319944 Tesue the final PNL -repert, cleared for public
release, on solution IR and IC cyanoferrate spec1at10n activities and

R —— &pp}lca{i{}ﬂ- {of: routing: measiirements-in-the wmvnc?l lﬂnnfa{gry

ez = = September 30, 1994: Issue the final PNL report, cleared for public
release, on hydrolysis and radiolysis aging experiments with i~rrocyanide
waste materials.

- September 30, 1994: Issue the final PNL report, cleared for public
S - - -Telease,-on microconvection modeling and the effects projected fo have
-~ pccurred in the tank waste from this phenomenon during more than 35
years of storage.




- - __September 30, 1994: Issue a report, cleared for public release, on
R - " FY 1994 solids speciation development and status with recommendations
or future work and deployment in the analytical laboratories.

~ |

- September 30, 1995: Complete development of solids speciation methods
using FTIR and Raman, and validation of techniques and procedures for
i el 2 = pouiine-appiication in the analytical laboratories. Issue a final report,
— cleared for public release, on this task’s activities.

~ 4.5.2 Ferrocyanide Propagation Studies

l'M

Ferrocyanide adiabatic calorimetry and propagation tests are continuing at FAI under contract
_ to Westinghouse Hanford Company. The results of these tests are being used to help
—-— - - - determine-if Hanford- Site-ferrocyanide -waste will-ignite-and burn {o-spread and involve
—-additional waste-from a potential ignition point;-and to determine-the potential-for release of
radioactive species under postulated accident conditions. Tests have been conducted with
- mn o 2dried: simulant torevaluate-wafety eoncerns associated with-postufated hot spat accident
--conditions.--The propagation. vnlae.:ry is-a-key- pamrre%e# -in-determining -safety consequences

e nfp@sfniauectburns including-a poteniial radioactivity release from confinement.

—-Because the composition of the waste in-the storage tanks varies and is not known at all
T - locations, ranges of material compositions have been tested. Present work is focused on the
T -Plant-and the-more.reacive In-Farm | simulante, -Shidee produced by the In-Farm
' flowsheet was stored in four C Farm tanks and represents about 26% of the total
-=m = momem o mo-feprocyanide-used inthe-Hanford-seavenging processes. - Sludge prgduced by the T Plant
R flowsheet was stored in three TY Farm tanks and represents about 8% of the total

- -~ ferrocyanide used-during the Hanford scavenging processes. Adiabatic calorimeter tests have
_ also been initiated to assess possible organic fuel contributions to energy releases during

_ferrncvanide reactions
- i{-liw'{ﬂ A A VAR L AT

"= 7700 - Thepresent concentrationof ferrocyannde mi- the sludge is in question because ferrocyanide
T has been shown to hydrolyze in the presence of high pH waste (see Section 4.5.1). Initial
L sa:ﬁ»p%e resh*tsﬁf Farmr-tank waste indicate” that the waste total Cyamde concentrations are

_____ 10Q2LY
J.J.I-JU’

e Progress During Reporting Period. Adiabatic calorimeter tests using the

.- . - Reactive System Screening Tool (RSST) and Vent Siz °g Package (VSP)*

- - -- -calorimeters-were completed at FAI on dried T Plant simu.ant (Fauske 1993¢).
The T Plant lower fraction simulant did not exhibit significant exothermic

Sl ,,,,.,-,-,-;,.,-:,-,,,,:,,,,,,,,-,43;.,[6,1%5%;; i a smail seale calorimeter at FAI; the VSP is a largér size calorimeter that
can handie much larger sampies.



properties up to 350°C. The upper fraction of T Plant simulant behaved similar
e o to the 1T Plant 2 hottom fraction simulant in exothermic hehavior (Arrhenius type
T ommems —eee = pestion).  Onset temiperature of the Arrhenius type reaction was 245°C in the
RSST test. A peak temperature of 570°C and peak pressure of 3.3 atmospheres
o= (pauge)  were-measured-in-the VP test--The reaction- properties exhibited in
msemmemmmmeams o - thesa tasts indicate that the T Plant dried simulant is non-propagating.

e Anatysis of reaction products of four dried In Farm 1 bottom fraction simulant
propagation tests were completed. For these tests dried and pulverized
e =Ty Farn 1 bottom- fraction material was loaded into-25 mm-diameter by 80 mm

s e e ews o long by 005 mmethick-staintess-steel eylinders.  These test specimens were
e moarne s ndividually tested by igniting (using a-4-g Ba,0, and Al mixture) in controlled
~m— - - - - —grgon atmospheres.-In-two of these tests the reaction gases were vented through

T " filters to collect aerosols which were also analyzed. The reaction products from

e these tests have been analyzed by x ray diffraction, x ray fluorescence, IC,
___Inductively Coupled Plasma (ICP), atomic adsorption (AA), and FTIR analytical
technigues,
techniques.

Results indicate that significant identifiable crystalline reaction products include
- -NaFe0,, Na,CO, (with and without a water of hydration), and Ni,Fe. With the
im0 excephion-of test 1, little or no nitrate and nitrite were idenfified in the reaction
e oo - products indicating that-all had reacted or decomposed because of the high
-~ temperatures (> 1250°C) produced.

ot

~ e o Reaction product-analysis-by x-ray fluerescence- for each of the four tests, ICP

Comemmee === 0 UFTIR, and AA-are presenied in Table 4-5. Preliminary evalvations of these
——— =% 7 ="~ results indicate that where the reaction temperatures exceeded 1050°C, the nitrate
Smonemean s — g pitrite-were reacted-or-decomposed.  The presence of sulfite and thiosulfate

| ~ " in the reaction products at the low quantities measured in three of the four tests
s e s Suggests-that-the-sulfide inrnickel sulfide-was -oxidized-to these products. Sodium
and cesium were the major metallic constituents in the aerosol.

T s e = determined 40-be 14wt % for the-61°C-initial temperature test and 22 wt% for
the 120°C initial temperature test. These values were determined by summing
o " the (1) aerdsol collected on the fiiter papers; (Z) the deposition on the aluminum
S - figil lining-(top; sides; - and-bottom) -of the reaction chamber; and (3) the loose
_omemmrre v T o deposits at the bottom of the reaction chamber.  The amount of released cesium
o collected as aerosol on the filte. s from vented gases ranged between 61 to 71%.
Smme——- == - == Fraetions of ‘sodium; iron; -and-nickzt released varied from-2.3 10 6.5%, .33 10
wosrmannnn s 0,59 % sand 0,45 10 0.80 %, _respectively, for the 60°C and the 120°( tests,

—— . ... _The fraction of cesium released from the reactions of tests 3 and 4 were
¢




| - R ; o W’eﬁgl;;lt ;Pier1c€=nt -t;I:)f I’:’llﬂ'wbpnag:ation Tests ‘Reactjioanrc‘:ducEts ‘
AN | tew 1, mival Test2, nitial | | Test 3, Initial Conditions | Fest 4, mitiat Conditions
! | Conditions " | Conditions. 50.0.g, 61°C, | | $0.0°g, 121°C, : !
1 49.75,61°C, 10 | 49.84,62°C, 0 | 3.0 Mem - 1.2 Am |
‘Atm | 517 Avm P ' Py
| 297 g | 337 105y ‘1:1.'1 g | Fiter %8z | 7.05 g ' l".-'mt{s-'r s [17g
3 | (Upper). | (Lower) | (Upper) | (Lower) | Aerosol | (Upper) | (Lower) Merdwol | (Upper) | (Lower)
Fe |73 i fss s [eo oz [es [ss  [dae 16 - |3
Na 260 ' 210 2.0 | 280 ;:zs.q. B 2.0 |z80 — E' R
Ni 8.0 68 |87 _J120. |se 3.1 Lﬂft 10 {31
P 1.8 1.9 2.9 3.0 0.53 . 2.2 28 . 0.56 1.9 2.8
Cs . 6.40 0.43 075 | 0% 5.8 0.55 075 4_1_4 0.39 060 |
Ncio2 <005 . | 2.7 <005 | <005 | NAl . <005 | <005 | M- 0.10 . <0.02
NO, 049 |19 <002 | <002 | Na <002 | <002 |na 0.07 <0.02 -
PO, 53 |54 6.4 8.3 NA 6.0 8.3 MNA. 4.7 82
50, 5.8 6.4 0.14 0.22 INA 0.38 031. | MA 2.4 3.9
50, 0.0 0.0 - 0.21 0.50 NA 0.27 031 | NA 0.20 018 .
5,0, 0,0 00 | 040 0.41 NA 0.34 042 |na 0.71 1.1
Al 1:2 0.2 1.4 0.23 1.3 1.& 0.13 . ”{T' 2.7 0.3
B 1.8 0.12 2.9 0.08 0.28 175 {003 |4 1.9 o.11

Nates: NA = Not Analyzed
Arm = Atmospheres Absolute Pressure

"SISATRUV 150POLJ Uonsesy (pauq) jutnuig uonsel woog | wreg up ‘¢- dqel,
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Adiabatic calorimetry tests have been initiated to determine the potential
- additional energy Telease contributions-from low cencentrations-of organics
o “which may be in the ferrocyanide waste. Three organics are to be evaluated:

e ,743 sodinm acetate representing an average energy producing organic carbon,
- - (2) sodium stearate representing a maximum energy producing organic carbon
e e -and {3)-sodiun oxalate represenung a stable end product of degradation reactions

. heliaved to he ooo rrlng in waste tanks,

wommeemeoo oo Contributory energy release for reactions of these organics are about 5.5 Ml/kg
T for sodium acetaté, or sodium stearate and about 1 Mi/kg for sodium oxaiate.
L Z7i- The-vales were determined by FAIL with appropriate-adjustments for heat
capacities on nitrates/nitrites in the test materials.
TreaiiimonnTenimon s e Planned Work for Subsequent Months, Complete propagation screening lests
© T Ter - o with stoichiometric miixes to identify important parameters. Define additional
. fpmaﬂeﬁcmf&'feﬁmvanidefnrganic sts-to-be conducted and-have these initiated
Do e euE e g FAL Condugt dry-out tesis-by-simulatmg -local heat. genﬂat.-:‘: fir the gludge
777 volume. Complete adiabatic calorimeter studies on organics.

¢ Milestone Status.

T T Scoping: nﬂfoscilﬁropagatmn tests on-the most reactive

ﬂowsheet simulant-at FAI (Fauske 1993a, Fauske 1993b

s e e ity 30y 1993 Completed report-on. T Plant calorimetry and propagatior
tests and dry out tests (Fauske 1593c).

|=l

e e _ - September 30, 1993: Complete report on stoichiometric scanning
S e e cplorimeter-tests. This report was completed by FAIin August 1993. The
o " report will be prepared for public release and issued in February 1994.

—ee - -—- - - September-30, 1993:-Complete organic calorimetry scanning tests. These
T ' - ~tests were compleied on schedule and a report, cleared for public reiease,
--will be issued next quarter.

e it e —=—__December 15, 1993: _Complete theoretical evaluations on hot spots and
e e e e anke-waste dryout. Conduct confirmatory tests and provide a report that
suppbi‘fs'USQ closuré. This report was compieted by FAT in November

T - 1993; - The report-will be-cleared for public release next quarter.

===z March 24, 1994: Complete screening tests of In Farm 1 simulant at FAI
o by varying ferrocyanide and water composmons to define the empirical line
-that divides propagating and non-propagating mixtures (Postma et al.,

1993) on the triangular diagram. Issue a report for public distribution.
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= mmee o ci=s-———ooo=- . May 31, 1994: Complete parametric aerosol tests at FAI, if required, that

e e i il farrncvanida hume in o farrnmimnida hrlk
ICIIULYAILIUS UULLDS i a ICIIUoyainuy uwu

e o September 30, 1994; - Provide technical evaluations and-analyses from FAI

B resolve the hot spot issue. Issue a report to Westinghouse Hanford
Company for public distribution.

e = September 30, 1995: Complete FY 1995 ferrocyanide calorimetry and

e propagation test program at FAI as specified by Westinghouse Hanford

R Cen‘pany and prepare reports, available for public release, that support
o :xesolutmn of the Ferrocyanide Safety Issue.

o -=..=4.6 "EMERGENCY RESPONSE PLANNING

- oo - -“The Board had recommended ‘thai an action plan be developed for the measures to be taken
T Uninsiiii o ig neuiralize the conditions-that may -be signaled by alarms.’ Two types of measures are
s mplieds-0enions 19-respond-t0-unexpected degradanion of a tank or its contents, and actions
amee “i0 be taken if an expiosion were 0 occur. Your impiemeniation plan stated that ‘the current
contingency plans . . will be reviewed and revised if needed.’ We do not consider that
Comem s o this proposed riplementation of the Board's recommendation is adequately responsive. It is
recommended that a written action plan founded on demonstrated principles be prepared as
oo oo -S00N aS -passible, that would respond to indications of onset of abnormal temperatures or
e e QTR HNUSBAL CONGITIONS. NG fgrracyanide:bea.nf'ng tank, 1o counter any perceived growth in
- -hazard- - A separate emergency plan should be formulated-and-instituted, covering measires
that would be taken in event of an explosion or other event leading to an airborne release of
-~ —— - radioactive material from the tanks, and that would protect personnel boih on and oﬁ the
- ez e Hanford-Sie: <~ The-Board believes-that even-though-it-is considered thai the probability Is
' ' ~=SHail thai Such an-eveni wili occur, prudence dictates that steps-be takerrarthu time to
— ,,,prqpare,,the,mamw,m:.t;ga:e. the unacceptable results that could ensue.”

A LT Antine DI Dacnnnee tn Ahnn 3
Tt 5.8.1 -ACUCH 530 107 RESDOnSe 10 Abnormal Conditione

- The-Action: Planfor. Response to- Abnormal Conditions in Hanford Radivactive Waste Tanks
-~ Containing Ferrocyanide (Cash and Thurman 19912) was prepared in response to DNFSB
recommendahan& The- mnm p}an dcscnber the- steps to ‘be-taken if a f.Empcral.ure mcrease

R ,,,,,;,dgcmmu was u;vmcdm Deccmbgr 1,991 and remued as WHC-EP 0407 Rev 1 (Cash and

e ﬂammahle and toxic gases, as well as the reporting requ1rements if established criteria are




“WHC-EP-0474-11

—=-noo--— - Also-addressed in this section are actions in response to other abnormal conditions that might
. be encountered with the ferrocyanide tanks, such as a leak to the environment. Of the
w2 {anks-gurrently-on-the Ferrocyanide Watch List, 11 are clagsified ae aseumed leakers.

“ 77— "~ —"Four’of the assumed leaker tanks have not been interim stabilized. These four tanks and an
~ - additional sound tank still require some pumping to be classified as interim stabilized.
Because this activity involves the Ferrocyanide USQ, SA and EA documentation must be

~authorization to pump these tanks must be granted by DOE.

. ... e Progress During the Reporting Period. Both the SA and the EA for removing
oo o~ —pumpable liquids from ferrocyanide tanks were submitted o DOE for review in

Sonootmeo - o7 o cincorporated nio the genenc EA covenng work on Watch List Tanks (see

e e n e e - Segtion 3.0). - The-generie EA was submitted to DOE for approval in

November 1993. The revised SA was resubmitted to DOE for final approval on

SR o f&ﬁﬁﬁgﬁfgﬁ,}%}_ﬁfﬁqheﬁ for auihorizaiion for stabiiization anci_eme_rgency
" pumping of the ferrocyanide tanks was submitted to DOE.

: ,T,,,,; S eneet oo ,g:,,fiﬁﬂﬁEdwﬁi':‘i fﬁf Sﬂbsequem MOIlthS., . Iﬂtﬁl‘im St&blli;&tl@ﬂ Qf .hE ﬁve
i oo oooTemaining ferrocyanide tanks will proceed-after authorization is received from

- DOE. Each tank wiii undergo a readiness review prior t0 commencing pumpin
--—----operatiens.—The November 1923 submittal-completes-all actions required prior io

il ... authorization, unless DOE. requests further action on the SA.. - Pumping of the
tanks will be managed by Tank Farm Operations.

¢ Probiein Areas and Aciion Taken. None.

e @ Milestone Status, - ATl milestones have been completed,
oo - 4.6.2 - Response-to an-Airborne Release From a Ferrocyanide Tank

srenn e wnaclf 2 radioactive release from a ferrocyanide tank were to oceur, it would be detected by one

... spread beyond the immediate tank or tank farm would be detected by the tank farm area
e - - - --Tadiation detectors.- These monitoring systems are on all tank farms. The DOE and
Westinghouse Hanford have analyzed the potential impacts of an event involving one of these
“tanks, and-have taken additional steps so that emergency personnel can take mitigating
"~ actions ina_timely fashion. These analyses resulted in development of the Tank Farm
< Tie S5 “Fmergency Response Stabilization Plan (WHC 1991) in March 1991, The plan includes
----- - <o predetermined mitigaiive actions for terminating the emergency phase and providing a
- transition to the recovery phase. Acknowledging that an-event could range from minor to
major releases, the plan addresses responses in four distinct and defined steps that cover the




--range -of consequences, - The Stabilizarion Plan provides quick, preplanned actions that can
be used to stabilize an emergency event at an underground radioactive waste tank.

----- ~Progress- During Reporting Period. -Asnoted in previous reports, ail of the
- vrdatad

wad milagtanan fne thio tnols wraea ~An ~
l..ll.w HEIEOW/LILD 1V LD WKAoh VWL \.-UIIIPJ.GI.UU.

Tlanned Work ror Subsequent Months. - None planned.

Problem Areas and Action Taken. None.

Milestone Status. All milestones have been completed.
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T e e e e e -5 FROGRAM.SCHENIT FS AND MIT ESTONES

sam sz TWG seteof-schedules (Figures 5-1 and 5-2) are presented in-this section. - Many of the

smr eem - ese-— - program-activities- ha'vechaﬂged over the course of the program and progress should be

tracked against the new schedules presented here. The first set of schedules reviews
mbsenad 4

——milestones_for FY_ 1991 through FY 1994; these have heen statused through the period

_'___T___,..:_H —ending. December 31, 1993, A status line was drawn showing the progress on each activity.

" Actions that have started or béen compléted are indicated by triangles that are filled in.
e =W otk dndieated-by-open. sriangles-has-either-not started or has not been complated.
—oo.o.-Similarily, actions which support completion of TPA milestones are indicated by open or

closed diamonds.

"l

- - - The second set-of schedules. reviews. out-year milestones for FY 1994 through the expected
-..o=. gnd-of the program-in FY 1997, The sequence and anticipated completion dates of the major
milestones leading to safety issue resolution are presented. This report will be updated

onladilan

== quarterly o track progress-against these schedules.
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"~ Figure 5-1. Ferrocyanide Waste Tank Safety Schedule. (Sheet 1 of 4)
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'Figure 5-1. Ferrocyanide Waste Tank Safety Schedule. (Sheet 2 of 4)
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Figure 5-2. Ferrocyanide Waste Tank Safety Schedule (Out Year). (Sheet 1 of 2)
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‘Figure-5:2 Ferroeyanide Waste Tank Safety Schedule {Out Year), (Sheet 2 of 2)
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... Table A-1. Summary of Contents and Status of Ferrocyanide Tanks',

”*Tﬁiﬁi”wasie"“'“'_"“ e C T Maximuim :
| Tank | volume |, "]if‘CNb N H?:t lgez.fl | temp. Status of tanks’
(1’000 gal) lL,VUU 5 l.l.l.Ul.} \J.ILLH l.l_’ (OC) (OF)
i BX-102) - 96 <1 2,800 19 67 |IS; AL
© 7 [BX-106] 46 <1 2,500 19 67 |NS; Sound
Bv-103] - 400 - 1 66 — 1 5500 22 82 |NS; AL
f BY-1(4 406 - Ry 1 RT0 53 © 128 {IS; Sound
46 114
...... BY-105 503 - - 36 - 8,700 45 113 |NS; AL
- 48 119 7
BY-106| - 642 70 10,100 54 129 |NS; AL
BY-107 266 42 8.900 34 94 [IS; AL
BY-108 228 58 9,200 43 110 [15; AL
~ BY-110 398 71 6,900 47 117 {IS; Sound
o o - ’ 43 109
BY-111 450 6 5,500 30 86 |IS; Sound
: 2% 84
BY-112 291 2 6,100 -29 -84 |IS; Sound
. ) 322 90
STOCH8T 86 ] T 25 | 6000 |24 76 |IS: Sound
29¢ 85
el 66 30 7,000 26 78 |IS; Sound
260 78
CALT 5T 1 33 f 64000 124 75 IS AL
C-112 104 31 7,500 28 83 |IS; Sound
77 81
ST HRGT T 180T 7 TS T 3,000 22777 |NS: AL
TTX-1181 347 | <3 4600 |25 7 |1S; Sound
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Table A-1. Summary of Contents and Status of Ferrocyanide Tanks".

- Total wasie  Baf D —————— - Maximuin :
- = R S L - ,'.;,E-..-;‘. - i _.t 1-_
afik volume y Hea 03? temp. Status of tanks®
- - {1,000 g mol) (Btu/h) o .
(1,000 gal) 7 _ °C) (°F)

101] - - 118 -23 {1 3,100 20 68 |IS; AL
103 162 28 ---- -4,000 121 - 70 |IS; AL

4] 46 | 12 | 3000 |20 68 [IS;AL

information and temperature data as of December 1993.
® Inventories from Borsheim and Simpson, 1991.

¢ Heat load values from Table 7-1 in Crowe et al. 1993.

~ Vos i s i deen B

iz mii}’v‘“\“

iree rernrder for new thermocannle tree
AN) T AR LI AS LS AWS BAW YT T e T

pra Ry

- -8 < Interim Stabilized Tank: NS - Not Stabilized; AL - Assumed Leaker
____Tank; Sound - Non-Leaking Tank.
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L o Lo Tabl# ;ﬂ\ -2' ]F-‘en ocyamdc T‘mk Vap(mr E;alm]p]lmg 'Sunnmary‘ o
T T ‘ T T
'T;al;nk‘ . ﬁ[)ate - ]F?l.nmlml Org. Vapor Arn’mcmla ][-ICNICI\I H[ydlr'ume Nitrous Gas
T Samplc&d 1) - -

(ppm)

241-BY-104 |

101"16/‘91 1
10:'30/91 .

10!

(ppm)
37.2

(ppm)
L2500

{ppm) "
<2 -

>3‘02

510

241-C-112
U

03/09/92 -
03/18/92

<10

<0.2

<2

< wO.’:!:

‘ <::: 2

241-C-109

08/36/92

<10

<2

<0.2

<0.5.

241-BY-110

09/37/92

<10

<02

<05

241-T-107

10/22/«92

<1.0

<2

<0.2

<05

241-BY-111

03/’ 25/'93 :

< 1.0 |

<2

<0.2

<0.5 -

241-BY-112.

03;26/93 )

<10

<2

<{.Z2

<0.5 -

241-BX-106

06/17/93 -

<1.0

<2

<{).2

<0.5.

241-C-108

07/23/93

< 1.0

1.2

<2

<{).2

<0.5.

241-TX-118

07/28/93 '

<1.0

0.3

<2

<0.2

05 .

341-C-111

08/11/93

<1.0

< 0.2

<2

<0.2

<(.5

“Maximum reported values for sampling effort
*High reading due to ammonia interference

*Approximation due to comcentration exceeding Driger tube range
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Tabie B-1. Meiric Conversion Chart.

IntoMetie —~ | Out of Metric
~ If You Know | Multiply By | To Get | If You Know Multiply By To Get
' Length Length
in. 254 | em | mm 0.04 in,
. 1..3048° 0 Ioem 1 cm 0.4 in.
T Mass (weight) - ’ Mass (weight)
b | 0453515 | kg kg | 22 b
__________ - '\./'u:\iumt:-i _ - | Volume -
@ | 37ssal | L | L | oz2z| gl
: Temperature 7 | ;l‘emperature
%%%%%%% IR | sy | o | Cos o) | i o | TS
by U.3333)...
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